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PREFACE 


This second edition of the “Aircraft Propeller Handbook’^ 
has been brought up to date throughout and includes certain 
more advanced subject matter which has entered into the 
propeller field during the last five years. 

The information is presented in the same style, under- 
standable rather than extremely technical, which contributed 
to the success of the first edition. All equations are given 
in the most simplified forms, employing advanced mathe- 
matics only where it could not be avoided. The aim has been 
to meet the needs of engineers, draftsmen, students, pilots, 
service personnel and others in the aeronautic industry who 
wish to obtain concise, practical data without delving into 
propeller theory. 

To Hamilton Standard Propellers the author is greatly 
indebted for information gained by daily contact over many 
years with its highly skilled engineering personnel. This 
Handbook, however, is in no sense a setting forth of the prac- 
tices of this particular company, to which, indeed, in many 
instances, it does not conform. The author accepts the full 
responsibility of engineering judgment in what is presented 
in the Handbook. 

Karl H. Falk 

Hartford, Conn. 

January 12, 1943 
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CHAPTER 1 


PROPELLER DESIGN 

Two- or Three-Bladed Propellers. If possible, a two- 
bladed propeller should be used because of its lighter weight 
and greater efficiency. Three-bladed propellers are adopted 
when the limitations of the airplane design require a small 
diameter (for ground clearance) or when the tip-speed ex- 
ceeds 1000 ft/sec., a condition which leads to a loss of 
efficiency and excessive noise. When conditions do not 
permit use of the theoretical diameter, it is necessary to 
absorb the power in some other manner — either by increas- 
ing the number of blades or by increasing the blade width. 

Diameter. The diameter of a propeller may be com- 
puted from the formula: 

D = J(r.p.m.) (f(m.p.h.) c?(hp.) 

Where D == propeller diameter, ft. 

<i(r.p.m.) = factor from r.p.m. curve, Figure 2 
J(m.p.h.) = factor from m.p.h. curve, Figure 2a 
<i(hp.) = factor from hp. curve, Figure 2a 
po/p = air density ratio. Figure 3 (multiply 
by hp. when the engine is rated at 
altitude) 



TYPICAL METAL PROPELLER BLADES 


4 


AIRCRAFT PROPELLER HANDBOOK 



FIGURE I 


ACTOR OF R.RM. FOR SELECTION OF 
PROPELLER DIAMETER 


PROPELLER DESIGN 
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FACT S OF M.P.H. & H.R FOR SELECTION OF 
PROPELLER DIAMETER 
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FIGURE 2 a 



ALTITUDE AIR DENSITY CURVE 


PROPELLER DESIGN 
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Width Ratio. The width ratio of a propeller blade is 
the blade width divided by the propeller diameter, Figure 4. 

Blade Width. The blade width at each section may be 
calculated from 



Where D = propeller diameter, in. 
b = blade width, in. 

b may be obtained from the width-ratio curve, 
2 ) Figure 4, in which the respective curv^es 
represent: 

Narrow = high speed 

Medium = fairly high speed and take-off 

Wide = take-off and climb 

Camber Ratio. The camber ratio or the thickness ratio 
of a propeller section is the thickness divided by the width, 
Figure 5. 

Blade Thickness. The blade thickness at each section 
may be calculated from 

t = blade thickness, in. 
b = blade width, in. 

— ^ — may be obtained from the camber-ratio curve , Figure 5 . 

Aspect Ratio. The aspect ratio (A.R.) of a propeller 
blade is the tip radius divided by maximum blade width. 
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CAMBER RATIO 
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FIGURE 5 




DIMENSIONS AND SECTION PROPERTIES FOR CLARK-Y SECTIONS 


PROPELLER )ESIGN 
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Ordinates of Section. (See Figure 6) 

djh hr. .025 .050 .1 .2 .3 .4 .5 .6 .7 .8 .9 

/i// .300 .549 .663 .806 .957 .995 .983 .928 .829 .684 .521 .337 
Jiji .128 .081 .038 .008 

Center of Gravity of Section. (Clark-Y airfoil) 

c.g. above chord (Ac) == 0.416 if 
c.g. from leading edge (Z?c) = 0.4405 h 
t == blade thickness, in. 
h = blade width, in. 

The constant as given for locating the center of gravity 
of the blade section applies only to sections that have a 
flat face. For sections other than the flat-face type, the 
center of gravity can be determined either by experiment 
or by calculations as given on page 13. (Figure 7) 

Cross-Sectional Area of Blade Section. . (Clark- Y airfoil) 
A - 0.7245 h t 

A = area, sq. in. 
b = blade width, in. 
t = blade thickness, in. 

The above equation applies only to sections that have a 
flat face. For sections other than the flat-face type, see 
page 13. (Figure 7) 

Moment of Inertia of Section. (Clark- Y airfoil, Figure 8) 

J-major == 0.0418 t 
I-minor = 0.0454 h f 

h = blade width, in'. 
t = blade thickness, in. 
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AREA , CENTER OF GRAVITY AND MOMENT OF INERTIA 
OF ANY BLADE SECTION 


Y 



Cross 6ecTioNAL Area: 

A = jV.-Y.)dx 


Center Of Gravity: , 


u - J^(Yl-Yi)X(Ix I 

^ Jo('iV-Y)<Jx ^ lJ^(Y.-Y.)dx 


Moment Of Inertia " 


About C.g. 

£pp- Xxx-h^»A Xcc= Lyy" b«?*A 


About Principal Ay > i.sl 

. , ^„,-Jo(Yf-Y*)xdx-2.bc-hc-A 


Xll® Xpp Co5^ +Tcc5in^ Imm= Xpp 5inV: •MccCos*^: 
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The above equation applies only to sections that have a 
flat face. For sections other than the flat-face type, see 
page 13. (Figure 7) 


mOIVIENTS OF INERTIA ABOUT THE PRINCIPAL AXES 
OF A BLADE SECTION 



FIGURE 8 

Ordinates of Section. (Figure 9) 

djh .025 .050 .1 .2 .3 A .5 .6 .7 ,8 .9 

hit .410 .590 .790 .950 1.00 .990 .950 .870 .740 .560 .350 

Center of Gravity of Section. (R.A.F.-6, airfoil) 

c.g. above chord (^c) = 0.421 t 

c.g. from leading edge (Z>c) = 0.446 h 

t = blade thickness, in. 
h ~ blade width, in. 

The constant as given for locating the center of gravity 
of the blade sections applies only to sections that have a flat 
face. For sections other than the flat-face type, the center 
of gravity can be determined either by experiment or cal- 
culations as given on page 13. (Figure 7) 




i6 AIRCRAFT PROPELLER HANDBOOK 

Cross-Sectional Area of Blade Section. (R.A.F.-6, 
airfoil) 

A = 0.738 b t 

A == area, sq. in. 
h = blade width, in. 
t = blade thickness, in. 


For other than the flat-face type sections, see page 13. 
(Figure 7) 


Moment of Inertia of Section. (R.A,F.-- 6 , airfoil) 

/-major == 0.0446 ^ ^ ^ .4 

^ . A Ad I. .3 Moment of inertia, in.^ 

/-minor « 0.0464 h 


b = blade width, in. 

^ t - blade thickness, in. 


For other than the flat-face type sections, see page 13. 
(Figure 7) 

Blade Angle. The blade angle of a propeller is the acute 
angle between the chord of a propeller section and the plane 
of rotation. (Figure 10) 

Effective Pitch. (Figure 10) The effective pi^ch angle 
is the distance an aircraft advances along its flight path 
and is the angle used for the designed pitch distribution. 
The effective pitch at each section is then: 


tan 0 - li = Fx . m.p.h. X 168 
ran u - X r/12 X M r N 

Angle of Attack. The angle of attack is the difference 
between the blade angle and the effective pitch angle. 
(Figure 10) 



PROPELLER DESIGN I7 

Add an angle of attack from 0^-3*^, depending on propeller 
characteristics, to the calculated effective pitch. 

Fi= forward speed, ft /sec. 

V = rotation speed, ft /sec. 
r = radius, in. 
n == rev. per sec. 

N = r.p.m. 

illustration of effective pitch, blade angle 

AND ANGLE OF ATTACK 



Blade Angle at the 42-In. Section. The blade angle at 
the 42 -in. section may be obtained from Figure 11. A 
simplified method to check the angle at the 42-m. section is: 


tan © 


m.p.h. X 4 
N 



NOMOGRAM FOR BLADE ANGLE AT 42 " RADIUS 
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FIGURE 11 
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RELATIOJN BETWEEN PROPELLER PITCH IN 
FEET AND BLADE ANGLE IN DEGREES 
AT THE 42 " STATION 



Z 4 6 & 10 12 16 Id 20 22 24 

PITCH IN FEET 


FIGURE 12 
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Blade Pitch. The blade angle may be determined by the 
pitch in feet or the angle in degrees from the curve (Figure 
12) or may be calculated at any section from the formula: 

2x X ^ X tan 0 = pitch, ft. 

Blade Shank. When selecting the shank size, the deter- 
mining factors are tip-speed and horsepower. 

Shank size in relation to tip-speed is computed from the 
formula: 



Where A = area of shank, sq. in. 

a = area of section at 75% radius 
/ = factor from Figure 13 

Shank size in relation to horsepower is obtained from 
Figure 14, where the engine horsepower is divided by the 
number of blades and the shank area is found directly on 
the curve. 

The maximum shank area obtained is of course the 
fundamental basis for shank design. If the computed area 
for tip-speed is less than the area obtained from the horse- 
power curve, the tip-speed area then may be used for 
computing the root diameter of the retaining shoulder inside 
of the hub, which is subject only to tension. 
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RELATION OF SHANK SIZE TO HP. 



•00 200 300 400 500 
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FIGURE 14 
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Blade Weight. Plot a curve of the area at each section 
against the radius; integrate graphically from shank to tip; 
and then multiply by the density of the material. 


W = 



W = weight, lb. 

A = area of section, sq. in. 

5 = density of material, Ib/cu. in. 



CHAPTER 2 

STATIC AND GYROSCOPIC CHARACTERISTICS 

Static Moment. The static moment of a propeller blade 
is obtained by plotting a curve of the area times the radius 
against the radius. The integration under the curve times 
the density of the material gives the static moment. 

P 

M = 3 A r dr 

Jo 

Where M = static moment, in-lb. 

A = area of section, sq. in. 
r = radius, in. 

5 = density of material, Ib/cu. in. 

Static Moment. The static moment also may be ob- 
tained, if the center of gravity and the weight of the blade 
are known, as follows: 

M= LW 

L = distance from center of rotation to cen- 
ter of gravity of the blade, in. 

W = weight of blade, lb. 


24 



STATIC AND GYROSCOPIC CHARACTERISTICS 
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Center of Gravity. The center of gravity of a propeller 
blade is calculated from the static moment and the blade 
weight. 



L = distance from center of rotation to the 
center of gravity of blade, in. (Figure 
15) 

W == weight of blade, lb. 

M = static moment, in-lb. 
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FIGURE 15 


Polar or Mass Moment of Inertia. The polar moment 
of inertia of a propeller blade is one of the controlling factors 
in determining the gyroscopic force acting on the engine 
crankshaft . 

Major Polar Moment of Inertia, Figure 16a. 

f ^ 

Iz = ^ f A dr 

Jo 


Minor Polar Moment of Inertia, Figure 16a. 


t4:4: j Imir^dr 
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IzSi ly = polar moment, Ib-ft.^ per blade 
A = area of section, sq. in. 
r ~ radius, ft. 

8 = density of material, Ib/cu. in. 

7,nai = moment of inertia about major axis 
7,nin = moment of inertia about minor axis 


Y 



Y 


FIGURE 16a 
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Polar Moment. (Approximate Method) May be com- 
puted by the following equation: 

.135 

A.R. 

D = diameter of propeller, ft. 
c = camber ratio, (l/b at 75% radius) 

A.R. = aspect ratio, 



Radius of Gyration. 

8 A r^dr ^ W 

Where K is the radius of gyration (Figure 17) and the mo- 
ment of inertia remains the same. 

From the above formula: 



Ip ~ polar moment, Ib-ft,^ 

K — radius of gyration, ft. 

W = weight of blade, lb. 

The radius of gyration of a propeller blade is the distance 
from the axis at which all of the mass of the blade could be 
concentrated and have the same moment of inertia. 


CHAPTER 3 


AERODYNAMIC CHARACTERISTICS 

Efficiency. The approximate efficiency may be obtained 
from Figure 18. Where: 

V ^ m.p.h. X 88 
N D r.p.m. X D 

D = propeller diameter, ft. 

Thrust at Top Speed. The component parallel to the 
propeller axis of the total air forces: 

rp _ hp. X e X 375 
V 

T = thrust, lb. per propeller 
e = efficiency from Figure 18 
V = design speed, m.p.h. 

Static Thrust and Blade Angle at Static Condition. 
Static thrust is the thrust developed by a propeller when 
rotating at a fixed point. 

The following method in calculating the static thrust is 
based on a tip-speed of 900 feet per second, normal plan- 
form, thickness ratio of 0.075 at the 75% radius and a ratio 
of body diameter to propeller diameter of approximately 
0.42. 

The static thrust is computed by first determining the 
power coefficient (Cp), which is obtained by, 

Cp = P(hp.) X Pm X Pm From Figure 19 
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The static thrust is then calculated by, 

r _ ^ X hp- 

ND 

The value of K and blade angle at the 75% radius are 
determined by projecting the computed power coefficient 
from the curve (as shown in Figure 19a), depending 
upon the number of blades used. However, should the 
blade angle at the 75% radius be known, the value of K 
may be found directly from Figure 19a. 

Tj = static thrust per propeller, lb. 

K = thrust coefficient from Figure 19a 
hp. = horsepower 

N = r.p.m. 

D = propeller diameter, ft. 

F(hp.) = horsepower coefficient from Figure 19 
Pcv) = r.p.m. coefficient from Figure 19 
P[d) = diameter coefficient from Figure 19 

Rotational Tip-Speed. The propeller tip-speed may be 
obtained from Figure 20, or calculated from the equation: 


7 .= 


* i\7Z) 


= 0.0524 N D ft/sec. 
= 3.141 N D ft/min. 


60 



MA^MUM EFFICIENCY IN PER CENT 


AERODYNAMIC CHARACTERISTICS 
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APPROXIMATE EFFICIENCY 
FOR 

METAL PROPELLERS 



.9 LO U 1.2 1.3 W 1.5 1^ L 7 

V 


FIGURE 18 




STATIC THRUST POWER COEFFICIENT 




AERODYNAMIC CHARACTERISTICS 
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VARIATION OF BLADE ANGLE WITH 
POWER AND STATIC THRUST COEFFICIENT 



ANGLE AT 75% RADIUS 

FIGURE 19 a 
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PROPELLER TIP-SPEED 



fioo aoa 1000 1200 moo i«oo leoo 2000 2200 2^0 2000 28oo 3000 
PROPELLER R. P. M. 


FIGURE 20 
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Helical Tip-Speed. The helical tip-speed is the resul- 
tant of the rotational and forw^ard speeds. 

The helical tip-speed is procured by selecting the rota- 
tional and forward speed coefficient from Figure 20a. 
Summing the coefficient, the helical tip-speed may be 
obtained from Figure 20b. 

The helical tip-speed also may be calculated from 
equation: 

N = r.p.m. 

D = propeller diameter, ft. 

V — forward speed, ft /sec. 

Torque. The moment produced on the propeller by the 
engine shaft: 

Q — X 63,000 
^ ” r.p.m. 

Q = torque, lb-in. 

The torque force at tip radius: 

B R 

F q = force, lb. 

B = number of blades 

R = tip radius, in. 

Torque moment at stations: 

Mq^ Fqd 

Mq = moment at stations, lb-in. 

F q — force, lb. 

I = distance from tip to the station, in. 
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TIP-SPEED COEFFICIENTS 



V - 


FIGURE 20 a. 





TIP-SPEED FT/SEC 


AERODYNAMIC CHARACTERISTICS 
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HELICAL TIP-SPEED 



FIGURE 20b 




CHAPTER 4 


TWISTING MOMENTS 

Centrifugal Twisting Moment. In a typical blade with 
the center of gravity of the sections along the center line of 
blade rotation, the centrifugal twisting moment introduced 
by the centrifugal load tends to force the blade into a low 
pitch position. The blade may also be designed to partially 
balance this condition by initially offsetting, or sweeping, 
the blade. 


■ILLUSTRATED EFFECT OF CENTRIFUGAL 
TWISTING MOMENT 



FIGURE 21 


Determine the centrifugal twisting moments from equa- 
tion 1 or 2 for the desired angle settings. Then from the 
following equations, 3, 4, 5 and 6, the moments may be 
computed for any desired condition. 
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TWISTING MOMENTS 
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TYPICAL SECTION WITH C.G. IN PLANE OF ROTATION 



FIGURE 22a 

TYPICAL SECTION WITH INITIAL OFFSET OR SWEEP 



FIGURE 22b 
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TWISTING MOMENT PER BLADE 



C 3 ) 


(4) 


C5) 


C 6 ) 


(t,==.iTArF‘ I TQ2S»Na(i)t^TQ,SIN2(|)2 

^ \ Tqi COS2(t>2~l32COS2Cj>, ^ 

MAXIMUM MOMENT: 

T ^Ql “^02 _ “^QN 

SIN2(C|)4<|),) 'sIN 2(<>+<|)2) SIN 2(<^+<|)|q) 

MOMENT AT ANY BLADE ANGLE: 

■Tq3*“'TqMAX. 

MOMENT AT ANY DESIRED R.R M. 


FIGURE 22c 
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BLADE ANGLE 



AERODYNAMIC M O M ENT COEFFI Cl ENT 
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OF ATTACK 


TWISTING MOMENTS 
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Tq = centrifugal twisting moment per blade lb-in. 

n = propeller rev. per sec. 

^ maj ” moment of inertia about major axis 
^min ~ moment of inertia about minor axis 
S = density of material, Ib/cu. in. 

4> = blade angle— values of sin <j>cos4> = Ci (Figure 23) 

A = area of section 

a = distance from center of blade rotation to center of 
gravity of blade section parallel to plane of rotation 
b = distance from center of blade rotation to center of 
gravity of blade section perpendicular to plane of 
rotation 


Aerodynamic Twisting Moment. The aerodynamic twist- 
ing moment tends at normal and positive angles of attack 
to force the blade into the high-pitch position. At high 
negative angles of attack, it tends to force the blade into 
the low-pitch position. 



Mt= aerodynamic twisting moment 
b = blade width, ft. 
p = air density 


W = — - X 1.466 

sin (t> sin 4> 

Cm. - moment coefficient. Figure 24 
^ = blade angle 
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THE STRENGTH OF PROPELLERS 

Centrifugal Force. (Figure 25) The direct tension due 
to centrifugal force is obtained by plotting a curve of cen- 
trifugal force per inch of radius against the radius in inches. 

CENTRIFUGAL FORCE 



FIGURE 25 


Integration under this curve from the propeller tip to the 
section under consideration gives the total centrifugal load 
on any section. The centrifugal force on any element of 
the blade is: 


d A dr 
i 



12 


0.102 d A t dr 
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The total centrifugal force at any station is therefore, 
0.102 d Arn^ dr 

Where A = area of section, sq. in. 
r = radius, in. 
n = rev. per sec. 

& = density of material, Ib/cu. in. 



Centrifugal Force. (Simplified Method) The total cen- 
trifugal force of the blade may be obtained if the weight 
and center of gravity of the blade are known. 

C.F. = 1.227 WLn^ 

W = weight of blade, lb. 

L = distance from axis of rotation to c.g. of 
blade, ft. (Figure 26) 
n = rev., per sec. 
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Centriftigal Stress. The centrifugal force load at each 
section divided by the area of the cross-section at the 
corresponding radius gives the direct tensile stress. 



ft = tensile stress due to centrifugal force, 

Ib/sq. in. 

A = area of section, sq. in. 

C.F. = centrifugal force load, lb. 

Air Load. (Figure 27) The air load per inch is assumed 
to be proportional to 

rn 

then the total load at any section is: 

r 

b dr 

Plot this function against the radius and by integration 
the total load (P) in uncorrected form is found. 


AIR LOAD’S EFFECT ON PROPELLER BLADE 




FIGURE 27 
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True Air Load. The true air load is obtained from the 
correction factor (/) . 

/= 1.042 fe/P) 

The true air load is then: 


I. 


f r^h dr 


r = radius, in. 
b = blade width, in*. 

P = uncorrected air load 
ts == static thrust per blade 


Shear. By integration of the true air-load curve 


'fi 


r 

fr^bdr^ 

R 


from the propeller tip to the section under consideration, 
the shear at any section is obtained. 


Bending Moment. (Due to air load only.) By inte- 
grating the shear curve with respect to the radius, the 
bending moment at any section is determined as follows: 

B.M. = ('' fr^bdrdr 

JR JR 

Curvature. The curvature at each section is then deter- 
mined by, 

B.M. 

jE • I min 

E = modulus of elasticity 
Imin = moment of inertia about minor axis 

Slope. Integrating the curvature with respect to the 
radius, the slope is determined at each station by. 
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L 


r B.M. 

E-Irai. 


dr 


Deflection. The deflection of each section is determined 
by integrating the slope with respect to the radius as follows: 



B.M. 


E • I min 


dr dr 



Restoring Moment. When the centrifugal force opposes 
the air force, a moment commonly known as “restoring 
moment’' is produced. (Figure 28.) This restoring mo- 
ment reduces the deflection which has been induced by the 
air forces and is determined by integrating the following 
equation from the tip to the section under consideration. 


Mi, = Fcdy 

Fc = centrifugal force in pounds 
y = deflection in inches 
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Correction Factor. To obtain the true bending moment, 
the previously computed bending moment must be multi- 
plied by a restoring moment correction factor, 

z b.m. 

B.M. T 


Cr = — = empirical correction factor 

^ average 


True Bending Moment. 

True Curvature. 

M 


E • I min 


True Slope. 


True Deflection. 


fr M 
Jo E^Irr. 


fr Cr M 
Jo Jo E * I min 


dr dr 


Bending Stress. 


M-hc 


ho — distance from neutral axis to outermost fibre 


Initially OjBfset Blades. Sometimes it is advisable to in- 
itially offset the center of gravity of a blade from its center 
of rotation, in the direction of thrust, to relieve a high bend- 
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ing stress about the minor axis. For a blade with such an 
offset, the restoring moment correction factor becomes: 

B .M . + JPcdy 




average 


yo == initial offset of the center of gravity from the 
center line of blade rotation 

True Bending Moment, 

Ml = Ciei-B.M. 

However, should this blade be used at reverse blade angles 
for a negative thrust condition, the correction factor then 
becomes: 

^ B.M. + j Fc dyo 
B.M. + j Fcdy 


^2 average 

True Bending Moment. 

M 2 = Cie2*B.M. 

Initially Swept Blades. The sweep-back found in wood 
blades and some metal blades introduces the following sweep 
moment: 

M, = / F.ds 

s = the offset of the center of gravity from the 
center line of rotation along the major axis 
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Sweep Stress. 

f _ 

J S J 

J-maj 

hb = distance from neutral axis to outermost fibre 
Imaj = moment of inertia about the major axis 

Gyroscopic Bending Moment. The gyroscopic bending 
moment induced on a propeller blade by the angular vel- 
ocity of the aircraft may be determined as follows: 

Gyroscopic Moment, 

Q 

Mol = T7 / Fcdr where, 

N J R 

Q - angular velocity of the aircraft in radians per 
second 

N = propeller r.p.m. 

Fe = centrifugal force 

Gyroscopic Deflection. 

rr rr Tj/ . 

= / / ~F~r~ where, 

Jo Jo -tL • I min 

E = modulus of elasticity 
Imin = minor moment of inertia of blade sections 

Rectifying Moment, When the centrifugal and inertia 
forces oppose the gyroscopic force, a moment is produced 
which tends to decrease the gyroscopic deflection and 
moment. This rectifying moment is determined by, 
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Rectifying Factor. 


M ol T • Mri 


and since this factor is merely a first approximation, 

M g% = Cl • M gl 



C - - 

M g< 2 . + r • 

Mgz - C2*Mg2, and similarly C3, C4 . . . . Cn may be 
computed. However, when C becomes 1 along the entire 
blade, the final “Rectifying factor” is determined by, 

Ci2 = [Ci-G-Ca* CJ 

Gyroscopic Bending Moment. 

Mo = Cr*M gl 

Tensile Stress Due to Gyroscopic Bending Moment. 

. Mo •he 

~ “j 

mxn 

h = distance from neutral axis to outermost fibre 
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VIBRATION 

Bending Moment Due to Weight of. Blade. When 
propeller blades are vibrating in the fundamental mode, it 
is assumed that the form of deflection is the same as if the 
blade were supported at the hub and allowed to sag under 
its .own weight (Figure 29). 

DEFLECTION DUE TO WEIGHT OF BLADE 



I FIGURE 29 


The weight load per inch is assumed to be S A dr; then 
the total load at any station is: 
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By graphical integration of this function, the shear at 
any section can be found. By plotting the shear against 
radius 


r 

h A dr dr 


R JR 


and integrating, the weight-load bending moment at any 
section is obtained. 


Deflection Due to Weight of Blade. The curvature of 
each section may be obtained from the value M/E I, where 
M is the moment due to blade weight, E the modulus of 
elasticity in tension, and I the minor and major moments of 
inertia for flatwise and edgewise frequencies, respectively. 
For torsional frequencies the curvature is assumed propor- 
tional to M/GIp, where M is again the moment due to blade 
weight, G the modulus of elasticity in shear and Ip the polar 
moment of inertia. By plotting the curvature against the 
radius and integrating from the axis out to various stations, 
the slope at each station may be obtained. By plotting these 
values against the radius and integrating as before, a curve 
of deflection A may be obtained. 


Potential Energy. If the propeller tip sags under its own 
weight it may be made to do positive work by returning to 
its zero position. This work is due to the stressed condition 
of the blade which is said to possess energy of position or 
“potential energy.” 

The potential energy may be obtained by plotting a curve 
of area of tjie cross-section times the deflection due to weight 
of blade at the corresponding radius. 

r 

I A Adr 

This function is plotted against radius and the result 
is obtained by integration. 
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Kinetic Energy. When the propeller tip returns from 
the potential energy location to its zero position, it moves 
with some velocity, thereby obtaining energy. Thus 
energy possessed by the propeller blade on account of its 
motion is “kinetic” or actual energy. 

The kinetic energy is obtained from the deflection due to 
the weight of the blade squared times the area under the 
corresponding radius. 


dr 


Plot this function against the radius and obtain the result 
by integration. 

Fundamental Flatwise Frequency. The fundamental 
flatwise frequency is calculated from the equation: 


/ - 187.86 


^ ^ where, 
SA • 


/ = natural period of vibration, cycles per min. 
S A A = potential energy 

S A A^ = kinetic energy 


Fundamental Edgewise Frequency. The fundamental 
edgewise frequency is calculated from the equation: 


/ = 187.86 cos ^ 


'/^•A 
SA^ A2 


where, 


/ = natural period of vibration, cycles per min. 
= angular difference between the 0.5 tjh station 
and the tip 

fA • A = potential energy 
S A • A2 = kinetic energy 
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Fundamental Torsional Frequency. The fundamental 
torsional frequency is calculated from the equation: 


f 


187.86 


fA • A 

3 .’63 6 cos <l> "V fA • 


where, 


/ = natural period of vibration, cycles per min. 
D = diameter of propeller in feet 
<i> = angular difference between the 0.5 t/b station 
and the tip 

fA • A = potential energy 
f A • A^ = kinetic energy 
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EXAMPLES 

Propeller blades are designed by incorporating sections 
at 6-in. intervals of the blade length. These sections are 
commonly referred to as stations. To save space in this 
example, the design shall be handled with stations at 12-in. 
intervals. It should be noted that the following design is 
merely to show the method as outlined in the previous 
chapters. 

Design and calculations are based on the following 
requirements: 

400 hp. (sea level), 1760 r.p.m. @ ISO m.p.h. 

Assuming a 2-bladed propeller and Clark- Y airfoil sections, 
select a medium blade width from Figure 4. 

Material: aluminum alloy with a density of 0.102 Ib/cu. 
in., modulus of elasticity E = 10,000,000. 

In the following examples, the integrated values are multi- 
plied by a scale factor which is obtained by multiplying the 
unit of the ordinate by the unit of the abscissa per inch. 

Diameter. The propeller diameter is computed from the 
equation: 

D = £?(r.p.m) (i(m.p.h.) d(hp.) = 

1.62 X 7.55 XO.85 = 10.4' 

For simplicity a diameter of 10 feet is used here. 
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Width and Thickness of Blade. (Figure 30) 


Stations 

12 in. 24 in. 36 in. 48 in. 

r/R .2 .4 .6 .8 

i/D (from Figure 4) 0367 .063 .069 .0535 

b = 120 Xb/D 4.4 7.55 8.28 6.42 

i/6 (from Figure 5) 685 .165 .089 .07 

i = 6 X t/b 3.01 1.245 . 736 .449 


Section Ordinates. The sections are divided into ten 
equal divisions with the division nearest the leading edge 
subdivided into halves and quarters. For section ordinates 
see Clark- Y airfoil section, Figure 6. 

Center of Gravity of Sections. 


Stations 

12 in. 24 in. 36 in. 48 in. 

t 3.01 1.245 .736 .449 

he = 0.416 1 1.5 -.52 .306 .187 

6 4.4 7.55 8.28 6.42 

be = 0.4405 6 2.03 3.32 3.65 2.82 


The constant as given for locating the center of gravity 
of the blade section applies only to sections that have a 
flat face. For sections other than the flat-face type, the 
center of gravity can be determined either by experiment' 
or calculations as given on page 13. 
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WIDTH AND THICKNESS 



0 12 24 36 48 80 72 

RADIUS IN INCHES 


FIGURE 30 




AREA IN SQUARE INCHES 
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AREA CURVE 



0 e 24 36 48 60 72 

RADIUS IN INCHES 


FIGURE 31 



EXAMPLES 



Area of Sections. 

(Figure 31) 





Stations 


12 in. 

24 in. 

36 in. 

b 

4.4 

7. 55 

8.28 


3.01 

1.245 

.736 

A = 0.7245 bL,. 

9.9 

6.83 

4.42 

Moments of Inertia of Sections. 

(Figure 32) 



Stations 


12 in. 

24 in. 

36 in. 


4.4 

7.55 

8.28 

63 

85.2 

430.0 

567.6 

t 

3.01 

1.245 

.736 

- 0.0418 bn. 

11.2 

22.40 

17.45 



27.27 

1.95 

.398 

= 0.0454 

5.7 

.667 

.15 


Blade Angle Distribution. (Figure 33) 

^ Fi 150 X 168 
tan © - y - ^ ^ 




Stations . 


12 in. 

24 in. 

36 in. 

tan © 

1.195 

.596 

.398 

Blade angle (Designed) .... 

. . 50.08’=* 

30.8° 

21.7° 


Blade Angle at the 42-In. Station. 


tan @ 


m.p.h. X 4 
N 


150 X 4 
1760 


0.341 


Angle at the 42-in. station = 18.83° 


Pitch in Feet at the 42-In. Station. 

Tan 0 at the 42 -in. station = 0.341 
Radius, ft. = 42/12 = 3.3 
Pitch, ft. = 2 t X 3.5 X 0.341 = 7.5 
Pitch, ft. at the 42-in. station =7.5 ft. 


6i 


48 in. 
6.42 
.449 
2.09 


48 in. 

6.42 

264.6 

.449 

4.96 

.09 

.026 


48 in. 

.299 

16.65 



MOMENT OF INERTIA IN INCHES 
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MOMENT OF INERTIA 



0 12 24 36 46 60 72 

RADIUS IN INCHES 


FIGURE 32 
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BLADE ANGLE DISTRIBUTION 



0 12 24 36 48 60 72 

RADIUS IN INCAeS 


FIGURE 33 
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Blade Shank. Asvsuming the propeller may have a tip- 
speed of 1000 ft/sec., from Figure 13,/ = 0.31; from Figure 
31, area of section at 75% radius = 2.66 sq. in. 


A (tip-speed) = y = ^ 


A (hp.) 


8.6 sq. in. 
= 11.0 sq. in. (Figure 14) 


The designed shank area = 11.0 sq. in. 
Retaining shoulder inside of hub = 8.66 sq. in. 


Blade Weight. (Figure 34) 


Integrated area under the area curv’^e 

Figure 31 ( A dr) 

Weight = 0.102 (Jo A dr) 


Stations 


12 in. 

24 in. 

36 in. 

48 in. 

97.2 

193.0 

263.0 

300.0 

9.90 

19.7 

26.8 

30.6 


Total calculated weight = 32 lb. 


Static Moment. (Figure 35) 

Stations 

12 in. 24 in. 36 in. 48 in. 


Area 9.9 6.83 4.42 2.09 

Ar 118.5 164.0 159.0 100.0 


Total area under the curve = 6720 
Static Moment 6720 X 0.102 = 685 in-Ib. 


Center of Gravity of Blade. 



EXAMPLES 


65 


WEIGHT CURVE 



0 12 24 36 46 60 72 


AADIUS IN INCHES 

FIGURE 34 
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Major Polar Moment of Inertia. 


Stations 

12 in. 24 in. 36 in. 48 in. 

r (radius, ft.) 1. 2 3 4 

A (Area) 9.9 6.83 4.42 2.09 

Ar^ 9.9 27.3 39.8 33.4 


Total area under curve = 1380, from Figure 36 
h ^maj) = 1380 X 0.102 = 141 lb-ft.2 per blade 

Minor Polar Moment of Inertia. 

Stations 

12 in. 24 in. 36 in. 48 in. 
(W+I«in) 16-9 23.07 17.60 4.99 

Total area under curve = 646, from Figure 36 
h U-) = 646 = 0.4575 Ib-ft.^ per blade 


Radius of Gyration. 



2.10 ft. = 25.2 in. 


Efficiency. 


V 150 X 88 
N D~ 1760 X 10 


0.750 


e from Figure 18 = 80% 


Thrust at Top Speed. 

hp. X e X 375 _ 400 X -80 X 375 ^ 
V “ 2 X ISO 
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Static Thrust. 

Power coefficient Cp = P(hp) -Pw) • Pio) — 

(0.2) (0.19) (1) = 0.038, from Figure 19 

Thrust coefficient (K) and blade angle = 

74,000 @ 13.3°, from Figure 19a 

= 1682 ^/propeller , or 841 #/blade 

N • V 1 /ou • iu 



0 12 24 36 46 60 72 


RADIUS IN INCHES 

FIGURE 36 
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Propeller Tip-Speed. Rotational: 

Vt = 0.0524 jvn = 0.0524 X 1760 X 10 = 923 ft/sec. 

Helical: From Figure 18: F 4- iV = 0.5 4- 8.5 = 9.0 


V, = 947 ft/sec. (Figure 18a) 

Torque. 

hp. X 63,000 400 X 63,000 


<2 


r.p.m. 


1760 


14,300 lb-in. 


Centrifugal Twisting Moment. (Figure 37 and 37a) 

T^= 0.102 (/_,- I^,,)c,dr 


Stations 



12 in. 

24 in. 

36 in. 

48 in. 

Blade angle (designed) 

50.08° 

30.8° 

21.7° 

16.55° 

/-major 

11.2 

22.4 

17.45 

4.96 

/-minor 

5.7 

.667 

.15 

.0262 

(/ma/ ” /wiin) 

5.5 

21.74 

17.30 

4.94 

Cl (moment coefficient Figure 23) 

.492 

.44 

.344 

.275 

(/ mai -i- 

2.71 

9.55 

5.95 

1.36 


Total integrated area under the curv^e = 226.5 

Tq = X 860 X 226.5 = 2030 lb-in. with 

75% radius at == 17.5° 


Determining one more point similarly, 

Tq 2 = 925 lb-in. with 75% radius at <^>2 = 1.0° 
Blade angle at zero moment, 


4> = 14. tan 


-1 / 925 sin 35° - 2030 sin 2 




V2030 cos 2° - 925 cos 35 


Htan-> (0.360) = 9.9° 


2 
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Maximum moment, 

^ 2030 


Tq imax) 


sin 54.8° sin 21.8° 


2490 lb-in. 


Moment at any blade angle, .*. Tqz = 2490 sin 2 {<t>z + 9.9'^) 


CENTRIFUGAL TWISTING MOMENT 



•2 24 3 © 4Q 00 72 

RADIUS IN INCHES 


FIGURE 37 



EXAMPLES 
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CENTRIFUGAL TWISTING MOMENT 



-20 -10 0 10 20 30 4 0 5 0 6 0 70 60 90 

BLADE ANGLE AT 75% RADIUS 

FIGURE 37a 
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Aerodynamic Twisting Moment. (Figure 38) 

Stations 



12 in. 

24 in. 

36 in. 

48 in. 

(ft.) 

134 

.396 

.475 

.286 

sin^^ 

622 

.293 

.16 

.102 

= 48,400 

p/2 = 0.001.18 

C^b^Xp/lXW 

94 

5.9 

12,95 

12.45 


Assume 2° angle of attack, and average moment coefficient 
of 0.05 at all stations (Figure 24). 

Integrated area under the curve = 398 
Aerodynamic twisting moment = 398 lb-in. 

The angle of attack depends on the type of blade design 
and the flight requirements for the propeller. Since the 
rotational velocity is different at each station, the moment 
coefficient would likewise vary and therefore each value 
should be individually computed. 

Centrifugal Force. (Figure 39) 

r 

/ 0.102 SX A rn^dr 

Jr 

"Stations 



12 in. 

24 in. 

36 in. 

48 in. 

Area 

9.9 

6.83 

4.42 

2.09 

0.0104 860 

1,060 

1,460 

1,420 

900 

Integrated area under the curve 
(Figure 39) from tip to the sta- 
tion under consideration 
= total load at each station ~ 

52,500 

37,500 

20,000 

6,000 
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doooo 

70000 

60000 

soooo 

Jj 40000 
30000 

20000 

10000 


CENTRIFUGAL FORCE 



12 24 36 46 60 

4A0IUS IN INCHES 


FIGURE 39 






EXAMPLES 

Centrifugal Stress. (Figure 40) 


75 



Stations 

12 in. 24 in. 36 in. 48 in. 

Centrifugal force 52,500 37,500 20,000 6,000' 

Area 9.9 6.83 4.42 2.09 

Tensile stress (/i) 5,300 5,500 4,530 2,870 


Air Load. (Figure 41) 

Stations 

12 in. 24 in. 36 in; 48 in. 


h 4.40 7.55 8.28 6.42 

rn 635 4,350 10,700 14,750 


Total area under the uncorrected air load (P) curve = 

425,000. 

True Air Load. (Figure 42) The correction factor, 
/ - 1.042r,/P. 


/ = 1.042 X 841/425,000 = 0.002063 

Stations 



12 in. 

24 in. 

36 in. 

48 in. 

t^h 

635 

4,350 

10,700 

14,750 

0.002063 r% 

1.32 

8.98 

22.15 

30.57 

Shear. (Figure 43) 

12 m. 

Stations 

24 in. 36 in. 

48 in. 

Shear (integrated area under true air 
load curve) 

859 

805 

622 

298 



STRESS IN POUNDS PER SQUARE INCH 
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TENSILE STRESS DUE TO THE CENTRl FU G AL FORCE 



0 12 24 36 48 '60 72 

RADIUS IN INCHES 


FIGURE 40 
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TRUE AIR LOAD 



0 12 24 36 46 60 72 

RADIUS IN INCHES 


FIGURE 42 







BENDING MOMENT IN INCH-POUNDS 
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Bending Moment Due to Air Load. 


Bending moment (integrated area 
under shear curve) 


12 in, 
26,060 


(Figure 44) 


Stations 
24 in. 36 in. 

15,820 7,100 


48 in. 
1,509 


BENDING MOMENT 



FIGURE 44 



EXAMPLES 


Curvature Due to Air Load. (Figure 45) 


/ B.M. \ 

Curvature ( - — - — ) 000457 

\-E • Imin/ 


Stations 

12 in. 24 in. 36 in. 48 in. 


.00237 .004735 .005845 


CURVATURE 



RADIOS IN INCHES 


FIGURE 45 






Deflection Due to Air 


Deflection (integrated area un 
slope curve) 


DEf 



24 


/VMPLES 

id. (Figure 47) 

Stations 

12 in. 24 in. 36 in. 48 
der 

... .009 .107 .552 1. 


-lectiCn 



>IUS IN INCHES 


47 


CENTRIFUGAL FORCE 
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CENTRIFUGAL FORCE VERSUS 
AIR LOAD DEFLECTION 



0 A A L2 16 20 24 2.6 3.2 3.6 

DEFLECTION - y 

FIGURE 48 







EXAMPLES 


TENSILE STRESS DUE TO 
BENDING MOMENT 
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True Bending Moment, (Figure 44) 

Stations 

12 in. 24 in, 36 in. 48 in, 

M = Ci2 • B.M 15,400 6,045 1,881 358 

Bending Stress. (Figure 48c) 

Stations 

24 in. 36 in. 48 in. 

4,710 3,835 2,575 

Stations 

24 in. 36 in. 48 in. 


.000905 .001254 .001386 

Stations 

24 in. 36 in. 48 in. 
.00665 .01593 .02906 

Stations 

24 in. 36 in. 48 in. 
.0409 .1463 .3907 


G 3 rroscopic Bending Moment. 

(Assuming Angular Velocity of Aircraft — 1 radian per second) 


Initial Moment. 


Stations 



12 in. 

24 in. 

36 in. 

48 in. 

Centrifugal Force, Fc- • . 

52,500 

37,500 

20,000 

6,000 

//•* 

1,063,650 

523,650 178,650 

28,650 

19.1 Q 

Moment, Ma — • , 

N j 

(Fig. 48d) 

r Fcdr 

11,550 

5,690 

1,942 

311 


/. = ■ 


M • h 




12 in. 
4,050 


True Curvature. (Figure 45) 


Integrated area under 


M 


12 in. 


E * Imin 

curve 00027 

True Slope. (Figure 46) 

12 in. 

Integrated area under true curvature 
curve 000887 

True Deflection. (Figure 47) 


12 in. 

Integrated area under true slope curve . .00532 
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First Approximation. 


Stations 


Mgi 

El • Imin 
f’r 


f 

J o 


E * Imi‘i 


dr 


Yoi 

r 


dr dr. . . . 


Mr\ — 
f • Mri 




!§...(¥> 


Cl-- 


Mgl 

Mgi + r * Mri 
Mo2 — Cl • Mgl 

Second Approximation. 


■Mg2 

E • Imin 

rr 


/: 


Mg2 

E-Imi. 


dr. 


F.2 

r 


■/:/: 


E • Im 


dr dr ... . 



12 in. 

.0002025 

24 in. 

.000852 

36 in. 

.001294 

48 in. 

.001197 

.001398 

00771 

.02050 

.03590 

.00652 

.0553 

.2253 

.5650 

.000543 

.002305 

.00621 

.01177 

270 

192.3 

82.9 

14.3 

3,240 

4,615 

2,985 

686 

.7805 

.5520 

.3945 

.3120 

9,010 

3,143 

766 

97 

12 in. 

.0001581 

Stations 

24 in. 36 in. 

.000471 .000511 

48 in. 

.000373 

.00156 

.00554 

.01161 

.01681 

.00905 

.04885 

.1514 

.3230 

.000754 

.002035 

.004205 

.00673 

155.8 

98.9 

37.35 

5.755 

1,870 

2.375 

1,345 

276.4 

1.061 

1.031 

.919 

.833 
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Stations 



12 in. 24 in. 

9,555 3,240 

36 in. 
704.5 

48 in. 
80.8 

MgZ — ^2 




Third Approximation. 

Stations 

12 in. 24 m. 36 in. 

48 in. 

MgZ 

.0001677 .0004855 

.0004695 

.000311 

JS • Imin 




f ir 

.001629 .00576 

.01166 

.01621 

1 E * Imin 

J 0 





.009385 .05100 

.1558 

.3245 

YgZ 

.0007815 .002125 

.004325 

.00676 

r 

158 98.5 

35.9 

5.31 

J \ R ) 

1,896 2,365 

1,293 

255 

T iKiicS 

r -C. 

1.007 1.015 

.971 

.926 

M,3 + r • AfB3 




Since these values of Cz are very near 1 , 

this becomes the 

final approximation, and, 

Stations 



12 in. 24 in. 

36 in. 

48 in. 

Cr = Cl • C 2 • Cn 

Mg ^ Cr* Mgi (Figure 4:8d)- - . 

. .8350 .5785 

. 9,600 3,290 

.3520 

684 

.2407 

74.9 


Tensile Stress Due to Gyroscopic Bending Moment. 

Stations 


12 in. 


Imin 

he = Dist. from c.g. to max. 
stressed fibre 


5.7 

1.5 



lb/m.^(Figure48d) 2,530 


24.in. 

36 in. 

48 in. 

.667 

.15 

.026 

.520 

.306 

.187 

2,565 

1,394 

539 
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GYROSCOPIC BENDING MOMENT AND STRESS 



FIGURE 48d 


STRESS 
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Vibration. Weight Loading. 


dA 


12 in. 
1.009 


(Figure 49) 

Stations 


24 m. 36 in. 
.695 .450 


Shear. (Figure 50) 



hAdr 


12 in. 
22 


Stations 

24 in. 36 in. 

12 5.06 


48 in. 
.213 


48 in. 
1.44 


Weight Bending Moment. (Figure 51) 

Stations 



b A dr dr, 


12 in. 24 in. 36 in. 
336 135 39.4 


48 in. 
4.8 


Flatwise Frequency. Curvature. (Figure 52) 

Stations 

12 in. 24 in. 36 in. 48 in. 
M 

0000059 .0000202 .0000263 .000018 


Slope. (Figure 53) 



Stations 

12 in’. 24 in. 36 in. 
.0000312 .000182 .00048 


48 in. 
.00074 


Deflection. (Figure 54) 



12 in. 

dr dr 00012 


Stations 

24 in. 36 in. 48 in. 

.0012 .00528 .01225 


Potential energy = 



A 


lidr = 0.750 (Figure 55) 
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Kinetic energy 


A - b?ir = 0.00653 (Figure 56) 


/ = 187.86 


SA • A 
fA • A2 


187.86 


/ 0.750 
(0.00653 " 

2,015 cycles per min. 


Edgewise Frequency. 
Curvature. (Figure 56a) 


Stations 

24 in. 36 in. 


MlE^Imao .000003002 .000000602 .0000002258 .0000000968 

Slope. (Figure 56b) 


dr 0000357 .0000531 .0000583 .0000599 


Deflection. (Figure 54) 

Stations 

12 in. 24 in. 36 in. 


oJoE^I^aj 


drdr. .OOOU5 .0006976 .001371 .002081 


Potential energy == / A \ dr — 0.208 (Figure 56c) 

J R 

Kinetic energy = j A b.^dr — 0.000273.6 (Figure 56d) 
JR 

(j) = 47° — 14° = 33°, cos (j) = (3.8387 


/ = 187.86 -cos = 

4,340 cycles per min. 


187.86-0.8387, 


0.208 

.0002736 
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Torsional Frequency. 

Curvature. (Figure S6a) 


M 

G-I/' 


Stations 

12 m. 24 in. 36 in. 48 in. 
.00000516 .000001519 .000000581 .0000002502 


Slope. (Figure S6b) 
12 in. 


Stations 

24 in. 36 in. 


M 

qG-I. 


dr 0000487 .0000871 .0000988 


48 in. 
.0001036 


Deflection. (Figure 54) 


12 in. 


Stations 

24 in. 36 in. 48 in. 


. r p ^ 

^=1 / ?r-r drdr... .000198 .001051 .002174 .003391 

Potential energy = J A A dr = 0.3248 (Figure 5.6c) 


Kinetic energy 


=/: 


A A^ dr = .0006904 (Figure 56d) 


/ = 187.86 


^ = 47“ - 14“ = 33“ cos <l> = 0.8387 
D 


fA A 
3.636 cos a/ /.4 


= 187.86 


10 


3.636-0.8387 


0.3248 
0.W06904 "" 


♦G«=3,850,000 for aluminum alloy. 
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WEIGHT LOADING 



0 12 24 36 48 60 72 


RADIUS IN INCHES 


FIGURE 49 
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SHEAR DUE TO WEIGHT LOADING 



0 12 24 36 46 GO 72 

RADIUS IN INCHES 


FIGURE 50 
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CURVATURE DUE TO WEIGHT BENDING MOMENT 



0 12 24 36 4a 60 72 

RADIUS IN INCHES 


FIGURE 52 


SLOPE 
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SLOPE DUE TO WEIGHT LOADING 



0 12 24 36 48 80 72 

RADIUS IN INCHES 


FIGURE 53 
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DEFLECTION DUE TO WEIGHT BENDING MOMENT 



0 12 24 36 46 60 72 

RADIU5 IN INCHES 


FIGURE 54 
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KINETIC ENERGY 



0 12 24 36 40 60 72 

RADIUS IN INCHES 


FIGURE 56 
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POTENTIAL ENERGY 



0 12 24 36 48 60 72 

RADIUS IN INCHES 


FIGURE 56c 
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KINETIC ENERGY 




CHAPTER 8 

SELECTION OF A PROPELLER 

Factors to be Considered in Propeller Selection. The 

various propeller characteristics occurring as design prob- 
lems have been discussed in detail throughout the previous 
chapters . The effect and result of these same variables upon 
the question of propeller selection for airplane performance 
remain to be analyzed. An accurate knowledge of the per- 
formance characteristics of propellers has become a necessity 
because of the continuous demand for improved airplane 
and engine performance, and the correct determination of 
the power absorption and efficiency characteristics of pro- 
pellers has become increasingly important. The problem, 
however, is quite complicated. Although test data exist 
for propellers of various shapes, there is no completely 
accurate method for applying these data to propeller calcu- 
lations. On account of the many variables, it is impossible 
to find data which exactly fulfill all of the requirements; 
therefore propeller calculations usually are made from the 
different test results which closely approximate the required 
conditions. Using test data based on a propeller quite 
different from the one being computed, results in the great- 
est error in performance calculations. 

All of the propeller design characteristics have some bear- 
ing upon the blade selected for the given engine and airplane: 
each one must be taken into consideration before a final 
selection is made. The airplane requirements usually are 
such that one factor will have to be considered more im- 
portant than the others. Consequently, the selection will 
be based primarily upon this one factor, making allowances 
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for the others and thereby arriving at a blade that represents 
a compromise. The operating conditions usually investi- 
gated are: (a) the determination of the propulsive efficiency; 
(b) the determination of the required power absorption, 
and blade angle setting; (c) the computation of the static 
thrust; and (d) the determination of the variation in pro- 
peller speed with changes in engine power, air speed, and air 
density. 

In place of attempting to outline a method for the selec- 
tion of a propeller, the following paragraphs will summarize 
the effect of each propeller characteristic on airplane per- 
formance. From this discussion', conclusions may be drawn 
regarding the preference for one propeller over another for 
a given airplane and engine requirement. 

Diameter. The diameter of a propeller is selected from 
the power, propeller speed, airplane velocity, and air density 
which are required by the airplane, but propellers of differ- 
ent diameters generally have a small difference in their 
respective aerodynamic effects. The larger diameter pro- 
pellers have higher propulsive efficiencies, provided the tip- 
speeds do not surpass the velocity of sound; the differences 
in efficiency being approximately 1 per cent. for a 5 per cent 
change in diameter. 

Tip-Speed. The tip-speed presents an important limita- 
tion to the propeller diameter: metal blades having tip- speed 
in excess of 1000 ft/sec. should never be used. If the tip- 
speed exceeds this figure, the propulsive efficiency imme- 
diately decreases and the propeller noise becomes greatly 
intensified. Tests show, however, that propellers with 
low thickness ratio can be operated at slightly higher tip- 
speeds than thick propellers without loss of efficiency. If 
the tip-speed of 1000 ft/sec. is surpassed, the efficiency 
relative to that at lower speeds falls off at a rate of about 10 
per cent for 100 ft /sec. increase in speed. For wood pro- 



DESIGN OF METAL PROPELLER BLADE FROM EXISTING DATA 



FIGURE 57 
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pellers, the critical tip-speed is even lower than it is for the 
metal blades, and the efficiency drop is much greater. 
Figure 58 shows how the efficiency varies with the tip-speed 
for both wood and metal propellers. 

Diameter Changed by Cutting Tips. A specially designed 
propeller may be adapted to another given engine and air- 
plane by cutting off the tips. The resulting increased body 
interference, adverse effect of thickness and plan form of 
the cut-off propeller are less than the tip-speed losses of the 
full-length blade. Consequently, a net gain in efficiency 
will result if a smaller diameter is used to reduce the tip- 
speed. Changing the diameter of a propeller by cutting 
off the tips results in only a few per cent loss of maximum 
propulsive efficiency at the same pitch setting. This prac- 
tice of cutting tips has been justified by many experimental 
tests and has been further substantiated by the good results 
obtained in actual service. 

Width. The width of a propeller blade is determined 
from the- diameter, as explained in Chapter 1. A wider 
blade produces more thrust than a narrower one of the same 
diameter, but is less efficient. The wide blades are used on 
airplanes requiring good take-off and climb characteristics, 
while the narrow blades are desirable for high-speed perform- 
ance. See Figure 4 for the distinction between narrow and 
wide blades. 

Thickness. The thickness of a propeller blade is based 
on the blade width (camber ratio) as referred to in Chapter 
1. Thin blades, however, do have a higher efficiency than 
the thicker ones as shown by an N.A.C.A. test in which a 
blade of 0.06 thickness ratio had a 3 per cent greater effi- 
ciency than a blade with a 0.10 thickness ratio. Excessively 
thin blades do not possess sufficient rigidity and are subject 
tolfiutter and fatigue failures. 
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VARIATION OF EFFICIENCY WITH TIP-SPEED 



400 500 600 700 600 900 1000 iroo 1200 (300 (400 1500 

TIP-SPEED IN FEET PEfl SECOND 


FIGURE 58 
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Blade Section. On low-pitch propellers, the Clark- Y 
sections are preferable to the R.A.F.—6 because they pro- 
duce a higher maximum efficiency. On high-pitch pro- 
pellers, the R.A.F.-6 sections produce about the same 
maximum efficiency as the Clark- Y, but they are more 
efficient for the conditions of climb and take-off. The 
maximum efficiency of low-pitch propellers having R.A.F.-6 
sections decreases slightly with increasing blade thickness* 
but with Clark- Y sections, the efficiency increases slightly 
with somewhat thicker sections. 

Plan Form. The actual plan form of a propeller blade 
has little effect upon its aerodynamic performance. It is 
customary to use a narrow tip when high efficiency is a re- 
quisite, but wide tips are used for conditions requiring high 
thrust. It is only essential that the developed plan form 
should possess smooth contour lines fairing evenly into the 
shank and tips, but from a structural viewpoint it is ad- 
vantageous to taper the blade toward the tip. The sweep- 
back often found in wood blades is for the purpose of pro- 
viding a smooth flow of air past the propeller and thereby 
producing less disturbance. 

Number of Blades. As explained in Chapter 1, the 
number of blades is usually determined either from clear- 
ance, tip-speed, or horsepower limitations; relatively, the 
efficiency is not greatly affected. 

Static Thrust. When selecting a propeller, it is impor- 
tant at first to decide whether the efficiency or the static 
thrust shall be the controlling factor in its selection. Figure 
59 clearly illustrates how the efficiency and static thrust 
increase, provided there are no tip-speed losses. In the 
presence of tip-speed losses, however, the static thrust con- 
tinually increases while the efficiency rapidly decreases. It 
is more advantageous to increase the width of a blade in 
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EFFECT OF DIAMETER ON THE 
STATIC THRUST AND EFFICIENCY 



DIAMETER 


FIGURE 59 
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obtaining a greater static thrust than it is to enlarge the 
diameter, because the loss in efficiency is smaller for the same 
increase in thrust. In general, for propellers of the same 
diameter, narrow blades give a lower static thrust than the 
wider blades. Low-pitch settings produce higher static 
thrust than the high-pitch settings, and three-bladed pro- 
pellers have higher thrust values than the two-bladed, al- 
though the efficiency of the three-bladed is somewhat lower. 

Pitch Distribution. It may be stated generally that the 
efficiency of a propeller will increase with the pitch. Pro- 
pellers with low-pitch angles give the best performance for 
a quick take-off and good climb, while propellers with high- 
pitch angles are more adapted to high speed and high alti- 
tude flying. 

Materials. Wood , steel , and aluminum alloy are the most 
common materials in use today for propellers. Each has 
its own advantages and disadvantages from the. standpoint 
of cost, weight, efficiency, and maintenance; consequently 
the purchaser usually selects the material most suitable to 
his requirements. 

Controllable-Pitch Propellers. With the high perform- 
ance required today of modern aircraft, the controllable- 
pitch propeller has become a real necessity. A fixed-pitch 
propeller ordinarily is set to obtain best performance while 
the airplane is cruising, consequently the take-off and climb 
characteristics are not at their best. The controllable pro- 
peller will permit a low-pitch setting for take-off and climb, 
thereby giving optimum performance. In the air the pro- 
peller can be changed to a higher pitch and thus provide 
the desired cruising or high-speed performance. This prob- 
lem is especially important for heavy transport airplanes 
having large payloads which require low-pitch angles for 
take-off; also constantly increasing maximum speeds demand 
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TYPICAL CHANGE IN BLADE ANGLE 
AT STATIC AND TOP SPEED CONDITIONS 



(2 W 16 IS 20 22 . 24 26 28 30 32 34 36 

BLADE angle AT 75^fl 


FIGURE 60 
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TYPICAL THRUST AVAILABLE WITH 
CHANGE IN BLADE ANGLE SETTING 



600 aoo 1000 1200 i-ooo leoo 
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FIGURE 61 
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TYPICAL HP. AVAILABLE WITH CHANGE 
IN BLADE ANGLE SETTING 



fiOO 800 1000 1200 mo 1600 

n.F>>u. 


FIGURE 62 
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larger pitch angles. Figure 60 illustrates the change in 
angle setting required from the static to the top-speed con- 
dition, and Figures 61 and 62 show the additional thrust and 
horsepower available with the change in angle setting. 
A controllable-pitch propeller could be set to produce the 
required change and the airplane would have maximum per- 
formance at take-oflf, during climb, and while cruising. 



TABLES 


PROPELLER DIAMETERS 

The diameters in the following tables are dimensioned in 
feet, based on three-bladed propellers with Clarlc-Y sections 
and a thickness ratio of 0.075 at the 75% radius. 

It applies to propellers of vJnD, from 0.4 to 3.2 and blades 
which are fairly wide and of normal planform. 

For. R.A.F.-6 sections multiply these diameters by 0.95. 

For two-bladed propellers multiply these diameters by 
1.102 and for four-bladed propellers multiply by 0.9375 
(see also Figure 63 for conversion from three-bladed to multi- 
blade propellers). 

If the engine is rated at altitude multiply the B.hp. with 
air density factor, Figure 3. 
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5.66 
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5.33 
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5.15 

5,04 

4.94 

4.63 
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4.66 
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5.53 

5.34 

5.24 
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DIAMETER 
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100 

6.05' 

6.66 

6.49 

6.35 

6.21 





5.62 

1 1 0 

6.59 

6.40 

6.24 

6.10 

5.96 

5.65 

5.74 

5.61 

5.50 

5.42 

\ZQ 

6.37 

6,eo 

6.04 

5.91 

5.76 

5.66 

5.54 

5.42 

5.32 

5.24 

130 

6.16 

5.91 

5.84 

5.72 

5.59 

5.47 

5.36 

5.24 

5.15 

5,06 

140 

5,96 

5.63 

5.66 

5.54 

5.43 

5.31 

5.20 

5.09 

5.00 

4.9\ 

150 
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5.65 

5.5 2 

5.40 

5.27 

5.16 

5.05 

4.96 

4.S7 

4.77 

160 

5.66 

5.5 2 

5. 37 

5.25 

5.13 

5.03 

4.92 

4.63 

4.74 

4.66 
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5.49 

5.36 

5.24 

5,12 

5.01 

4.31 

4.61 

4.71 

4.63 

4.55 

130 

5.4e 

5.25 

5.12 

5.00 
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4,ao 

4.70 

4.61 

4.51 

4.44 
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Z\0 
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4.66 

4.74 






QQ 

IB 
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HQ 
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IB 
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4.75 

4.63 

4.51 

4.40 

4.31 

4.22 

4.13 

4.04 

3.86 



3.90 

Z60 

4.67 

4.54 

4.42 

4.33 

4.23 

4.15 

4.05 

3.37 

3.63 

3.83 

27 0 

4.63 

4.46 

4.37 

4.26 

4.16 

4.03 

4.01 

3.92 
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3.76 

eeo 
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4.21 
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3.72 
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7.52 
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HP . 
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6.32 
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7.22 
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6.35 

6.63 
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6.07 

7.66 

7.65 
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7.01 

6.67 

6.74 

6.62 
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7.66 

7.64 

745 
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6.81 

6.70 
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7.65 
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6.60 

6.64 

6.51 

6.39 

6.26 

170 

7.46 

7.26 

7.03 

693 

6.77 

6.68 

6.49 

6.35 

6.24 

6.14 

160 

7.31 

T.IO 

6.92 

6.76 

6.62 

6.4 T 

6.33 

6.22 

6.10 

5.93 

130 

on 

6.94 

6.77 

6.64 

6.48 

6.34 

6.20 

6.06 

5.97 

5.91 


DSI 

6.6 2 

6.64 

6.50 

6.36 

6.22 

6.06 

5.96 

5.65 

5.75 











HQ 

Z20 

6.74 

6.55 

6.39 

6.23 

6.12 

5.98 

5.66 

5.74 

5. B 4 

5.57 











gg 


fm 

6.32 

6.16 

6.03 

5.31 

5.76 

5.64 

5.53 

5.4 4 

5.36 

ZSO 

&.AI 

6.22 

6.07 

5.93 

5.80 

5.69 

5.56 

5.4 5 

5.35 

5.26 


■ 



5.64 

5.70 

5.60 

5.46 

5.35 

5.25 

5.16 

ZIO 

6.22 

6.04 

5.63 

5.77 

5.64 

^.52 

5.33 

5,26 

5.15 

5.10 

mm 

B 




5.55 

5.44 

5.51 

5.22 

5.12 

5.02 

BBI 








QQI 

.5.05 


300 








iBl 

4.96 
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DIAMETER 

200 

HP . 

M.P.H. 

R.P.M. 

1600 

1700 

1600 

1300 

2000 

2100 

2200 

2300 

2400 

2500 

moon 

9.39 

9.33 

9.09 

< 3.69 

6.70 

8.51 

a . 3 t 

6.15 

6.00 

765 

1 1 0 

9.22 

6.36 

6.75 

6.54 

6.37 

6.20 

6.02 

785 

770 

758 

\10 

6.92 


jm 



Wtl 

8 

Bil 


8 

1 30 

6.64 


m 




gi 

8 


wm 

140 

6.3 9 

8 

EQ 





7.13 

8,99 

6.87 

\50 

6.16 










■81 











170 

7.75 

7.55 

736 

7.13 

703 

6.88 

6.73 

6.59 

6.47 

6.37 

160 

756 

7 36 

7.16 

7.02 

6.87 

6.73 

6.56 

6.45 

6.32 

6.22 

ISO 

742 

720 

703 

6.63 

6.72 

6.56 

6.44 

6.31 

6.21 

6.14 

2iOO 

727 

706 

6.90 

6.75 

6.60 

6.45 

6.33 

6.20 

6.07 

5.37 

210 

7.13 

6.35 

6.76 

6.60 

6.47 

6.34 

6.20 

6.07 

5,95 

5.66 

220 

700 

6.80 

6.63 

6.48 

6.35 

6.20 

6.06 

5.96 

5.86 

5.60 

230 

6.67 

6. 6 6 

6.51 

6.36 

6.23 

6.10 

5.96 

5.86 

5.74 

5.66 

240 

6.76 

6.56 

6.41 

6.26 

6.13 

5.99 

5.86 

5.75 

5 66 

5.54 

250 

6.66 

6.46 

6.30 

6.15 

6.03 

5.90 

5.76 

5.67 

5.53 

5.45 

260 

6.54 

6.35 

6.19 

6.06 

5.93 

5.60 

5.68 

5.54 

5.44 

5.37 

270 

6.45 

6.26 

6,12 

5.96 

5.65 

5.73 

5.60 

5.46 

5.36 

5.30 

260 

6.35 

6.18 

6.02 

5.83 

5.76 

5.64 

5.52 

5.42 

5.32 

5.21 

230 

6.25 

6.03 

5.94 

5.60 

5.66 

5.55 

5.44 

5.32 

5.24 

5.13 

300 

6.16 

6.00 

5.85 

5.72 

5.60 

5.47 

5.37 

5.29 

5.17 

5.07 
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DIAMETER 

225 

HP . 

HQI 

R.P.M 

1600 

1700 

1800 



1300 

2000 

2100 

2200 

2300 

2400 

2500 













3.54 

3.26 

3.04 

6.64 

6.66 

6.47 

6.31 

6.13 

7.97 

7.64 

\10 

3.22 

e .38 

6.75 

6.55 

6.36 

6.20 

8.01 

7.65 

7.72 

759 

l—l 

6.32 

6.63 

6.47 

6.28 

6.10 

7.93 

7.76 

759 

746 

733 

140 

6.67 

a .43 

6.21 

6.02 

766 

769 

753 

747 

723 

7.10 

150 

6.44 

6.20 

6.00 

762 

765 

748 

7.32 

7.16 

7.06 

6.31 

M|| 


736 

776 

762 

7.44 

723 

713 

6.39 

fe .65 

6,74 

170 

6.02 

773 

760 

74 3 

7 27 

7. 12 

6.97 

6.82 

6.71 

6.59 

160 

764 

762 

743 

7 25 

7.10 

6.96 

6.81 

6.66 

6.54 

6.43 

130 

7 67 

7.44 

7.27 

712 

6.96 

6.61 

6.66 

6.53 

6.41 

6.30 

200 

7.52 

732 

7.13 

6.38 

6.6 3 

6.6 S 

6.54 

6.40 

6.27 

6.16 

210 

T 36 

7.16 

7.00 

6.83 

•6.63 

6.55 

6.41 

6.27 

6.15 

6.05 

220 

7.25 

7.03 

6. B 5 

6.71 

6.57 

6.42 

6.30 

6.16 

6.05 

5.33 

230 

7 10 

6.90 

6.72 

6.58 

6.4 3 

6.30 

6.17 

6.05 

5.93 

5.63 

240 

700 

6.76 

6.6 2 

647 

6.33 

6.20 

6.06 

5.34 

5.63 

5.75 

250 

6.66 

6.66 

6-52 

6.37 

6.22 

6.10 

5.96 

5.65 

5.73 

5.65 

260 

6.77 

6.57 

6.40 

6.27 

6.13 

6.00 

5.87 

5.75 

5.65 

5.55 

270 

6.66 



6.43 

6.33 

6.18 





5.57 

5.47 

260 

m 







jjgly 



IQQHI 

6.47 

6.30 

01 


5.66 

5.75 

5.63 

5.51 








5.76 

5.66 

5.56 

5.43 
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DIAMETER 

250 

HP . 

M.RH 

R.P.M. 

1600 

1700 

1600 

1300 

2000 

2100 

2200 

2 300 

2400 

2500 

100 

10.21 

3.33 

9.69 

3.47 

3.2 5 

9.06 

8.67 

6.69 

0.53 

6.36 

1 1 0 

3.63 

3.56 

3.31 

9.10 

6.92 

a .73 

6.56 

6.37 

6.21 

8.08 

120 

9.50 

9.25 

3.02 

6.60 

6.63 

6.45 

6.25 

6.06 

7 94 

7.62 

1 ZO 

3.19 

6.35 

6.72 

8.33 

6.34 

6.16 

7.9 9 

762 

7.66 

7.55 

140 

6.32 

6,69 

8.46 

6.26 

6.03 

7.93 

7 76 

7.5 9 

7.44 

732 

1 50 

5.69 

6.44 

5,23 

6.06 

766 

770 

754 

7,40 

727 

7.12 

160 

646 

6.22 

6.02 

7,65 

767 

7.51 

735 

7.21 

7,06 

6.34 

170 

6.27 

5.0 3 

7.6 3 

766 

743 

733 

7.16 

702 

6.91 

6.78 

160 

5.06 

765 

766 

747 

732 

717 

701 

6.66 

6.73 

6.63 

190 

7.30 

769 

74 9 

734 

7.17 

7.01 

6.66 

6.72 

6.60 

64 3 

200 

7.75 

754 

734 

7 16 

704 

6.68 

6.73 

6.60 

6.47 

6.36 

210 

760 

740 

721 

704 

6.69 

1 6 . 75 ; 

■ ■' 

6.60 

6.46 

6.33 

6.23 

220 

7.47 

7.24 

7.05 

6.31 

6.76 

1 

6.60 

6.49 

6.34 

6.23 

6.12 

230 

7 32 

7 11 

6.93 

6.76 

6.63 

6,43 

6.36 ’ 

6.23 

6.11 

6.02 

240 

7 21 

6.36 

6.6 3 

6.67 

6.53 

6.33 

6.25 

6.12 

6.02 

5.92 

250 

708 

6.66 

6.71 

6.56 

6.41 

6.26 

6.15 

6.02 

5.91 

5.62 

260 

6.36 

6.76 

6.59 

6.4 5 

6.31 

6.16 

6.04 

5.92 

5.61 

5.72 

270 

6.66 

6.69 

6.52 

6.37 

6.23 

6.11 

5.96 

5.65 

5.73 

5.63 

260 

6.76 

6.56 

6.41 

6.27 

6. 14 

6.01 

5.66 

5.76 

5.67 

5.55 

230 

6.67 

6.49 

6.33 

6.16 

6.05 

5.32 

5.61 

5.66 

5.53 

5.47 

300 

6.59 

6.40 

6.23 

6.06 

5.95 

5.6 3 

5.73 

5.60 

5.50 

5.40 





132 


AIRCRAFT PROPELLER HANDBOOK 


DIAMETER 

275 

HP . 

M,RH. 

R.RM. 

1600 

1700 

1600 

1300 

2000 

2100 

2200 

2300 

2400 

2500 

100 

10.51 

10. 2£ 

3.97 

9.74 

3.52 

9.32 

9.12 

6.34 

6.76 

6.6 2 

110 

lO.ll 

9.6 3 

9.58 

9.36 

9.13 

3.96 

6.61 

6.61 

6.4 5 

3.32 

lao 

3.77 

9,51 

9. £7 

9,05 

6.87 

3.66 

6.4 6 

6.32 

3.17 

8.05 

130 

3.45 

3.21 

3.37 

3.76 

3.56 

6.41 

6.22 

6,05 

791 

7.77 

140 

9.18 

6.94 

8.70 

6.50 

6.32 

3.15 

798 

761 

7 66 

752 

150 

6.94 

6.66 

8.47 

6. 23 

3.10 

792 

7.76 

7.61 

748 

732 

160 

<3.70 

3.45 

3.25 

3.08 

763 

772 

755 

741 

726 

7,15 

170 

6.50 

3.26 

3.07 

766 

7.70 

755 

738 

7.2 2 

7.11 

6.36 

ISO 

6.31 

3.0 3 

7.33 

763 

7.52 

7.37 

721 

7.06 

6.93 

6.61 

1 30 

6.1£ 

766 

7.70 

754 

7.37 

7.21 

7 06 

6.91 

6.73 

6.66 

aoo 

7.37 

776 

7 56 

733 

724 

706 

6.93 

6.76 

6.65 

6.54 

z\o 

7.6£ 

761 

7.41 

7 24 

709 

6.94 

6.79 

6.65 

6.52 

6.41 

£20 

7.68 

7.45 

7£6 

711 

6.96 

6.73 

6.66 

6.52 

6.41 

6.28 

£30 

752 

732 

7.13 

6.96 

6.63 

6.66 

6.55 

6.42 

6.26 

6.16 

£40 

7.41 

7.16 

702 

6.66 

6.72 

: 6.58 

6.43 

6.29 

6.13 

6.09 

£50 

7.29 

7.06 

6.91 

6.75 

6.59 

6.46 

6.32 

.6.19 

6.06 

5.38 

260 

716 

6.96 

6.78 

6.64 

6.49 

6.36 

6.22 

6.09 

5.96 

5.66 

£70 

7.06 

6.66 

6.71 

6.56 

6.42 

6.26 

6.14 

6.01 

5.63 

5.73 

£80 

6.97 

6.77 

6.59 

6.45 

6.32 

6.16 

6.05 

5.33 

5.62 

5.71 

£30 

6.66 

6.66 

6.51 

6.36 

6.23 

6.09 

5.36 

5.64 

5.75 

5.62 

300 
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DIAMETER 

300 

HP . 


R.P.M. 

1600 

1700 

1600 

1900 

2000 

2100 

2200 

2300 

2400 

2500 


10.7 3 

\0.44 

10.13 

9.96 

9.73 

9.53 

9.32 

9.15 

6.97 

6.82 


10.33 

\0.05 

9.80 

3.57 

9.38 

9.16 

6.99 

6.60 

6.64 

6.50 

lao 

10.00 

9.72 

9.47 

9.26 

9.07 

6.66 

6.66 

6.50 

6.34 

6.24 

130 

9.66 

3.29 

9.16 

6.97 

6.77 

6.60 

6.41 

6.22 

6.06 

7 94 

140 

9.33 

3.14 

6.69 

6.69 

6.52 

6.34 

6.14 

7.98 

7.83 

7,70 

15 0 

3.13 

6.66 

6.66 

6,46 

6.29 

6.10 

7.94 

7.76 

7.64 

750 

160 

6.66 

6.65 

6.4 4 

6.26 

6.06 

791 

7.72 

756 

742 

7.30 

170 

6.66 

6.45 

6.25 

6.05 

7.66 

7.71 

753 

7 37 

7.25 

7.14 

160 

6.49 

6.25 

6.05 

767 

7.70 

753 

7 39 

7 24 

706 

6.36 

190 

6.31 

6.06 

766 

771 

7.53 

7.37 

7.24 

707 

6.93 

6.87 

ZOO 

6.14 

7.93 

772 

756 

740 

7.23 

7.08 

6,92 

6.60 

6.69 

ZIO 

7.9 8 

7.77 

7 57 

740 

724 

6.98 

6.95 

6.80 

6,67 

6.57 

£20 

7.64 

760 

7.43 

725 

6.99 

6. 96 

6.8 3 

6.66 

6.55 

6.46 

£30 

7.69 

747 

7.28 

700 

6.97 

6.6 3 

6.69 

6.55 

6.44 

6.8 3 

£40 

7 57 

7.34 

7.16 

701 

6.67 

6.71 

6.^6 

6.4 3 

6.32 

6.24 


7.45 

7.2 2 

7.05 

6.90 

6.74 

6.60 

6.46 

6.33 

6.22 

6.12 

260 

7 32 

7.10 

6.94 

6.76 

6.63 

6.49 

6.37 

6.23 

6.10 

6.00 

£70 

7.23 

7.03 

6.65 

6.70 

6.54 

6.42 

6.29 

6.14 

6.03 

5.93 

£60 

l.\Z 

6.92 

6.74 

6.60 

6.46 

6.30 

6.19 

6.07 

5.36 

5.64 

290 

7.04 

6.62 

6.64 

6.49 

6.35 

6.24 

6.07 

5.97 

5.67 

3.76 

300 

6.94 

6.72 

6-53 

6.36 

6.25 

6.13 

5.99 

5.69 

5.76 

5.66 
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DIAMETER 

325 

HP . 

M.PH. 

R.RM. 

1600 

1700 

mo 

1900 

2000 

2100 

2200 

2300 

2400 

2500 

100 

10.96 

10.66 

10,42 

10.16 

3,96 

9.75 

9.54 

9,35 

9.16 

9.01 

1 10 

10.57 

10.26 

10.01 

3.60 

9.60 

9,33 

3.21 

9.00 

6.63 

6.69 

120 

10.22 

9.35 

3.70 

9.47 

9. 26 

9 08 

6.87 

6.70 

6.55 

6.42 

1 2>0 

3.63 

3.63 

9.38 

9.16 

6.37 

6.73 

6.60 

6.42 

6.27 

6.13 

140 

9.60 

3.35 

3.10 

6.90 

6.70 

8.53 

6.35 

6.17 

6.01 

7.67 

|||Q|[| 


3.06 

6.67 

6.67 

6.46 

6.2 9 

q > 

7.96 

7.62 

7.66 

1 GO 

9.10 

6.65 

6.62 

6.45 

6.25 

6.06 

7 90 

7.75 

758 

746 

170 

6.69 

6.64 

6.43 

6.24 

6.06 

763 

772 

7 56 

743 

730 


6.69 

6.45 

a 24 

6.04 

767 

7.71 

754 

741 

724 

7.12 


&50 

6.25 

6.06 

769 

7 71 

7.55 

7 36 

723 

710 

6.86 


6.32 

6.11 

790 

773 

7 57 

740 


703 

6.95 

6.64 

210 

<5.16 

796 

775 

757 

742 

726 

7. 10 

6.96 

6.62 

6.7} 

220 

6.03 

779 

759 

7.44 

7 27 

7. 10 

6.96 

6.62 

6.71 

6.57 



765 

746 

729 

713 

6.96 

6.65 

6.71 

6,57 

6.47 


775 

751 

734 

717 

7.03 

6.66 

6.72 

6.56 

6.47 

6.37 


m 






HH 




260 

750 

723 

703 

6.35 

6.79 

6.65 

6.50 

6,37 

6.25 

6.15 


741 

7.2 P 

701 

6.66 

6,71 

6.57 

6.43 

6.29 

6.16 

6.06 

260 

730 

706 

6.63 

6.75 

6.61 

6.47 

6.33 

6.20 

6.0 9 

5.97 

230 

7. 16 

6.96 

6,60 

6.65 

6.51 

6.37 

6.25 

6.11 

6.01 

5.66 

300 

706 

6.66 

6.71 

6.55 

6.41 

6.27 

6.16 

6.0 2 

5.91 

5.62 











PROPELLER DIAMETERS 


135 


DIAMETER 

350 

H P . 

M.RK 

R.P.M. 

1^,00 

1700 

1600 

1900 

2000 

2100 

2200 

2300 

2400 

2500 

100 

11.22 

10.30 

10.64 

10.33 

10.16 






1 1 0 

10.73 

10.4 3 

10.22 

10.00 

9.60 

3.56 

3.40 

3.19 

3.02 

6.66 

1 zo 

10.43 

10.15 

9.90 

9.67 

9.47 

9.27 

9.06 

6,66 

6.72 

6.59 

1 30 

10.09 

9.63 

9.57 

9.37 

9.16 

6.96 

3.77 

6.59 

6.4 4 

6.30 

140 

9.60 

9.55 

9.23 

9.07 

6.86 

6.70 

6.52 

8.34 

6,16 

8.03 

\50 

9.55 

9.27 

9.05 

6.65 

6.65 

6.4 6 

6 28 

8.13 

7.96 











7.75 

m 

170 

3 . 0s 

6.61 

6.60 

6.41 

6.23 

6.05 

766 

771 

756 

746 

130 

6.67 

6.62 

6.41 

6. 20 

6.03 

767 

770 

756 

741 

726 

130 

6.67 

6.42 

6.23 

6.06 

767 

7 70 

7 54 

736 

7.25 

7,13 

200 

6.46 

6.26 

6.06 

769 

773 

756 

739 

724 

7 10 

6.99 

210 

6.35 

6.13 

781 

7.73 

757 

741 

725 

710 

6,96 

6.85 

220 

6.20 

7 95 

7.75 

7.53 

74 3 

7.27 

7. 13 

6.97 

6.65 

6.71 

230 

6.03 

7.61 

760 

745 

726 

7.13 

6.39 

6.85 

6 . 7 ! 

6.60 

240 

7.91 

7.67 

750 

7.32 

717 

702 

6.86 

6.72 

6.60 

6.50 

250 

776 

7.56 

7.37 

7 20 

7.04 

6.83 

6.75 

6.61 

6.49 

6.39 











B 

■Ha 

on 











IIQ^I 








B 

QQ 


l_g 


__ 




B 


QQI 

■HI 

300 

7.23 






IB 

B 

QQI 
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DIAMETER 

375 

HP. 

02 

R.PM. 



1600 

1900 

2000 

2100 

2200 

2300 

2400 

2500 

100 

11.44 

il.l3 

0 

Cb 

10.60 

10.36 

10.14 

9.93 

9,73 

9.56 

9.36 

no 

11.00 

10.70 

10.43 

10.20 

9.93 

9.77 

3.59 

8.37 

9.19 

3.05 

leo 

10.64 

10.35 

10.10 

9.66 

9.66 

8.4 5 

8.24 

9.05 

6.90 

6.76 

130 

10.30 

10.03 

9.76 

9.55 

3.34 

9.16 

6.95 

6.76 

6.60 

646 

140 

9.93 

9.73 

9.47 

9.25 

9.06 

6.67 

6.69 

6.50 

6.33 

6.19 

150 

3.73 

9.45 

9.22 

9.02 

6.62 

6.63 

6.45 

6.23 

6.14 

7.97 

1 60 

9.47 

3.20 

6.36 

6.76 

6.59 

6.41 

6.23 

6.07 

790 

776 

170 

3.26 

S.99 

6.77 

6.57 

6.39 

6.22 

8.03 

766 

7.73 

760 


3.05 

6.73 

6.56 

6.37 

6.19 

6.02 

765 

7.71 

754 

742 


6.65 

6.59 

6.33 

6.21 

6.02 

765 

766 

7.53 

7.4 0 

7.27 


6.65 

6.45 

8.23 

6.05 

768 

7.71 

754 

736 

724 

7.13 

ZIO 

6.52 

6.28 

6.07 

7.38 

7.72 

7.56 

7.40 

7.24 

7.0 9 

6.98 



6.96 6.64 6.73 
0 I 6.65 6.73 6.63 


6.36 6.63 6.70 6.55 6.4 2. 6.31 




6.67 
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400 

HP . 

N /t n ( 1 

R.RM. 


lVl.r:H. 

1600 

1700 

1600 

1300 

2000 

2100 

2200 

2300 

2400 

2500 

100 

11.6.5 

11.32 

n .03 

10.60 

10.56 

10.33 

10.11 

9.30 

3.71 

9.55 

110 

11.20 

10.63 

10.61 

1.0.38 

10.18 

9.95 

3.73 

9.53 

9.35 

9.20 

120 

10.62 

10.53 

10.26 

10.04 

3.64 

3.61 

9.42 

9.21 

9.03 

8.30 


10.50 

10.2 2 

3.92 




HHHI 



m 

wm 

10.16 

3.30 

3,63 

9.40 

9.22 

3.02 

6.62 

6.6 5 

6.43 

6.34 

■91 

9.30 

9.61 

3.40 

9.16 

6.96 

6.79 

6.56 

6.42 

6.26 

6.12 

1^,0 

3.62 

9.36 

9.14 

6.35 

6.74 

6.55 

6.37 

8.20 

8.05 

7.91 


9.40 

9.15 

6.34 

6.74 

8.52 

6.35 

6.17 

8.00 

7.66 

7.73 

IBIiil 

3.20 

6,95 

a .72 

6.51 

6.34. 

6.16 

7 97 

7.6 4 

767 

755 


3.00 

6.74 

6.52 

6.35 

6.17 

7.99 

7,62 

7.66 

7.52 

740 

200 

6.63 

6.5 9 

6.36 

6.19 

6.01 

7.64 

767 

751 

7.36 

7.25 

210 

6.66 

6.42 

6.21 

6.0 3 

765 

7.66 

7.51 

737 

724 

7,10 

220 

6.50 

6.25 

6.05 

766 

7.72 

752 

7 37 

724 

710 

702 

2 30 

6.34 

6 10 

790 

7.74 

756 

733 

7 23 

7,10 

6.35 

6.67 

240 

6.21 

795 

776 

761 

7.43 

7.27 

7.11 

6.36 

6.65 

4.75 

250 

6.06 

764 

765 

746 

731 

7.15 

7.01 

6.66 

6.72 

6.63 

260 

7 94 

773 

752 

735 

7 20 

704 

6.66 

6.7 5 

6. 6 3 

6,51 

270 

763 

7.62 

74 3 

725 

710 

6.35 

6.73 

6.65 

6.5.3 

6.42 

260 

7.73 

752 

733 

7.15 

7.00 

6.65 

6.69 

6,57 

6.4 6 

6.33 

230 

7.62 

7.42 

7.2 3 

707 

6.31 

6.75 

6.53 

6.46 

6.36 

6.24 

300 

75 2 

731 

7.12 

6,36 

6.60 

6.64 

6.51 

6.36 

6.27 

6.15 
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425 

HP . 

M.RH. 

R.R M, 

1600 

1700 

1600 

1900 

2000 

2100 

2200 

2300 

2400 

2500 

too 

11.64 

il.5l 

11.23 

10.36 

10.73 

10.50 

10.27 

10.07 

3.89 

9.72 

1 1 0 

11.33 

11.06 

10.79 

10.56 

10.34 

10.12 

9.93 

9.70 

9.52 

9.37 

1 zo 

11.03 

10.72 

10.44 

10.20 

10.00 

9.70 

9.57 

3.37 

9.21 

3.07 

130 

10.65 

10.38 

10.11 

8.83 

a 67 

9.46 

- 

9.27 

9.07 

8.91 

6.75 

140 

10.34 

10.07 

3.61 

3.56 

9.38 

9.19 

6.3 9 

6.80 



8.63 

8.48 

150 

10.07 

3.76 

9.55 

9.34 

9.14 

8.3 3 

6.73 

8.5 7 

6,43 

6.25 

1 60 

3.60 

3.53 

3.30 

9.10 

8.83 

8.70 

6.52 

8.35 

6.16 

8.06 

■Bl 

9.56 

8.30 

8.06 

8.88 

6.66 

8.50 

6.32 

8.14 

6.01 

7.67 

■B! 

9.37 

9.10 

8.68 

6.66 

8.48 

6.31 

6.13 

796 

781 

7.66 

fBM 

3.15 

6.63 

6.66 

8.51 

8.31 

6.13 

735 

779 

76 5 

753 


S .95 

6.74 

8.52 

8.33 

8.16 

7.38 

760 

7 64 

7 50 

7.36 

■ilM 

a . 6 i 

6.56 

8.3 5 

8.16 

79 9 

7,63 

765 

750 

7 35 

723 

■a 

. 6.6 5 

6.40 

6.18 

6.01 

764 

766 

753 

7.3 6 

7.23 

7.06 


8.4 6 

6.24 

8.03 

766 

7 69 

753 

■736 

723 

7.06 

6.97 

moQi 

6.35 

8.10 

7.92 

773 

757 

741 

7.24 

703 

6.97 

6.86 


Q.ZZ 

7.96 

7.76 

7.61 

74 3 

726 

713 

6.3 8 

6.66 

6.74 

10^ 

6.06 

787 

7.65 

748 

732 

7.16 

7.02 

6.87 

6.74 

6. 6 3 

d 

IB! 
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B 



mm 




[B[ 

IB 

mm 


mim 

mm 




m§m 

mm' 

IQQI 

mm 
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m 

mmi 
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7.42 

723 

705 
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DIAMETER 

150 

HP . 

RHI 


B 

■I 



B| 

B 

m 



m 

^^1 

a 


100 

1 Z .05 

11.71 

11.42 

11.16 

10.91 

10.69 

10.45 

10.25 

\ 0.06 

9.86 

1 iO 

11.56 

11.27 

10.97 

10.74 

10.53 

10.29 

10.10 

9.67 

3.68 

3.53 

\zo 

11.20 

10.90 

10.63 

10.36 

10.17 

9.96 

9.73 

9.53 

9.37 

9.23 

130 

10.63 

10.55 

10.26 

10.06 

9.63 

3.65 

9.4 3 

9.23 

9.06 

6.91 

140 

10.52 

10.25 

3.96 

9.75 

9.54 

9.35 

9.15 

6.96 

6.76 

6.63 

150 

10.25 

9.96 

9.72 

9.50 

3.29 

9.06 

6.90 

6.73 

6.56 

6.40 

\fco 

3.96 

9.70 

9.4 5 

9.26 

9.05 

6.66 

6.67 

6.50 

6.32 

6.19 

170 

9.75 

9.47 

9.24 

9.03 

6.63 

6.65 

6.4 6 

8.26 

6. IS 

6 . 0 \ 

ISO 

9.53 

9.26 

9.03 

6.62 

6.63 

6.4 5 

6.27 

6,12 

7.34 

7.6 s 

1 30 

9,32 

3.04 

6.6 3 

6.65 

6.45 

6-27 

6.10 

7.83 

7.79 

7.66 

200 

3.11 

6.69 

6.66 

6.47 

6.30 

6.12 

734 ’ 

7.76 

762 

7 50 

210 

6.97 

6.73 

6.50 

6.30 

6.13 

7.36 

7.73 

7.63 

7,47 

735 

220 

6.80 

6.54 

6.32 

6.15 

7.36 

761 

7.65 

7.4 3 

7.35 

7 20 

230 

6.63 

6.39 

6.17 

6.00 

7.62 

766 

751 

7.35 

7.21 

7.03 

240 

6.50 

6.24 

6.05 

7.66 

770 

754 

7.37 

722 

7.03 

6.96 

250 

. 6.36 

6.12 

7.3 2 

773 

756 

740 

725 

7 10 

6.97 

6.86 

260 

6.23 

7.97 

776 

762 

74 5 

7 29 

7.13 

6.96 

6.65 

6,75 

270 

6.12 

7,69 

7.6 3 

7.52 

736 

720 

7.05 

6.90 

6.76 

6.64 

260 

6.00 

7.77 

7.56 

7.40 

7.25 

7,09 

6.93 

6.7 8 

6.68 

6.55 

290 

766 

7.66 

7.46 

7.29 

7.14 

6.96 

6.65 

6.70 

6.56 

. 6.45 

300 

7.77 

7,55 

736 

7.16 

702 

6.67 

6.75 

6 . 6 C 

> ^ 6.46 

1 6.38 
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475 

H P. 

M.PK 

R.RM. 

1600 

1700 

1600 

1300 

2000 

2100 

2200 

2300 

2400 

2500 

wmm 

12.23 

11.66 

11.53 

11.33 

11.07 

10.64 

10.61 

10,40 

10.21 

10.03 

— 

11.76 

11.4 4 

11.14 

10.90 

10.68 

10.44 

10.25 

10.0 2 

3.63 

9.67 
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jjj^QS 

140 

10.66 

10.40 

10.13 

3.90 

3.66 

3.46 

8.26 

9.09 

8.91 

6.7 5 

150 

10.40 

10.10 

9.66 

3.65 

9.43 

3.22 

9.03 

6.66 

8.70 

6.5Z 

HD9ii 


3.64 

3.60 

9.40 

9.16 

6.93 

6.79 

6.63 

6.44 

6.32 

ITO 

0.00 

3.61 

9.37 

9,17 

6.97 

6.76 

6.5 9 

6,41 

6.27 

8.12 

ISO 

3.67 

9.40 

3.17 

6.94 

6.75 

6.56 

6.40 

6.24 

6.06 

733 

100 

3.45 

9.16 

a.32 

6.76 

6.56 

6.40 

6.22 

6.05 

7.90 

7.77 

200 

9.25 

9.02 

6,79 

6.60 

6.42 

6.24 

6.06 

769 

774 

762 

210 

3.10 

666 

6.63 

6.43 

6.25 

6.06 

790 

7.74 

756 

7 A 1 

220 

6.33 

6.67 

6.4 5 

6.27 

6.10 

793 

7.76 

759 

74 6 

7.31 

230 

6.75 

6.52 

6.23 

6.12 

794 

776 

7 62 

746 

731 

7,20 

240 

6.62 

6.36 

6.17 

7.96 

762 

765 

746 

732 

720 

706 

250 

8.46 

6.24 

6.04 

7.66 

767 

752 

736 

720 

7.06 

6.97 

260 

6.35 

6.12 

763 

7.73 

755 

740 

723 

7.06 

6.96 

6.64 






Eg 


7.15 

7.00 




lH 



wm 

1^^ 


704 

6.69 



230 

7.3 8 

7.76 

757 

7.40 

724 

706 

6.95 

6.60 

6.69 

6.5 5 

500 

768 

766 

747 

726 

TJ3 

6.97 

6.64 

6.70 

6.56 

6.47 
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500 

HP . 

M.PH. 

R.P.M. 

1600 

1700 

1600 

1900 






■ 

100 

12.40 

12.05 

11.75 

11.49 

11.22 

11.00 

10.76 

10.53 

10.35 

10.18 

1 10 

11.32 

11.60 

11.30 

11.04 

10.52 

10.60 

10.36 

10,14 

9.37 

3,80 

1 20 

11.52 

11.21 

10.94 

10.69 

10.46 

10.25 

10.01 

9.60 

9,63 

9.49 











9.16 

1 40 

10.62 

10.54 

10.26 

10.02 

3.62 

9.63 

9.39 

9.21 

3.04 

6.67 

1 50 

10.53 










160 

10.25 

3.99 

9.73 

3.52 

9.31 

3.11 

8.30 

6.74 

8.56 

6.4 3 

170 

10.01 

3.75 

9.50 

9.23 

903 

6.90 

6.70 

6.52 

6 . 3S 

6.24 

ISO 

9 . S0 

9.52 

9.26 

9.06 

6.67 

6.69 

6.43 

6.34 

6.17 

6.0 3 

130 

3 . 5S 

3.30 

9.09 

6.69 

6.69 

6.50 

6.31 

6.16 

6.01 

7.8 9 

200 

9.40 

9.15 

8.91 

6.72 

6.54 

6.34 

6.17 

6.00 

7.85 

7,71 

210 

9,22 

6.96 

8,73 

6.54 

636 

6.16 

602 

764 

766 

7.56 

220 

9.05 

6.76 

6.56 

6.36 

6.21 

6.01 

762 

770 

755 

747 

230 

S.ST 

6.63 

6.40 

6.22 

605 

767 

772 

755 

743 

729 

240 

S.74 

6.47 

6.28 

6.10 

7.92 

7.75 

7.56 

7.44 

7.2 3 

7.16 

250 

8.60 

6.35 

6.15 

7.35 

7.77 

762 

7.46 

7.30 

7.15 

7.06 

260 

8.4 6 

6.21 

6.00 

7.63 

766 

750 

732 

7. 13 

7,05 

6.33 

270 

6.3 5 

6.11 

731 

7.74 

756 

740 

724 

70S 

6.3 5 

6-64 

260 

6.2 2 

793 

776 

761 

745 

723 

7. 14 

TOO 

6.86 

6.74 

230 

6.10 

767 

767 

7.50 

735 

719 

7.03 

6 . S9 

6.7 7 

6.64 

300 

7.93 

776 

755 

739 

723 

7.07 

1/^4 

6.80 

6.65 

6-56 












INDEX 


Aerodynamic Twisting Moment, 
42, 43, 72, 73 
Air Load, 46, 75, 78 
bending moment, 47, 80 
bending stress, 49, 85 
curvature, 47, 49, 81 
deflection, 48 , 49, 83 , 88 
shear, 47, 75, 80 
slope, 47, 49, 82, 88 
true, 47, 75, 79 

true bending moment, 49, 50, 85 
Air Density Factor, 3, 7 
Angle, 

at 42-in. station, 17, 18, 19, 61 
attack, of, 16, 17, 72 
blade, 16, 17, 29, 115, 116 
distribution, 16, .61, 63, 114 
effective pitch, 16, 17 
Area, 
curve, 60 

integration scale factor, 57 
of any blade section, 12, 13 
section (Clark- Y), 11, 12, 61 
section (R.A.F.-6), 15, 16 
shank, 20, 22, 64 
Aspect Ratio, 8 

Bending Moment, 
air load, 47, 80 
air load (true), 49, 75 
gyroscopic, 51, 52, 88-90 
true, initially offset blades, 50 
weight, 53, 97 

Bending Stress, 49, 76, 88, 91, 92 
Blade, 

angle, 16, 17, 29, 115, 116 
angle distribution, 16, 61, 62 
design of, 109 


Blade — Contintied 
initially offset, 49 
initially swept, 50 
number of, 3, 112 
pitch, 19, 20, 61, 114 
section (Clark- Y), 11, 112 
section (R,A.F.-6), 15, 112 
shank, 20, 22, 64 
thickness, 8, 10, 58, 59, 110 
weight, 23, 54, 64, 65 
width, 8, 58, 59, 110 

Camber Ratio, 8, 10 
Center of Gravity, 
blade, 25, 64 

of any blade section, 12, 13 
section (Clark- Y), 11, 12, 58 
section (R.A.F.-6), 14, 15 
Centrifugal, 

force, 44, 45, 72, 74, 86 
stress, 75, 77 

twisting moment, 38-41,43,69-71 
Coefficient, 

aerodynamic twisting moment, 
42, 43, 72 

centrifugal twisting moment, 38, 
39, 41, 69 

restoring moment, 76 
static thrust, 32, 33 
tip-speed, 36 

Controllable Pitch Propellers, 114 
Correction Factor, 49 
Cross-Sectional Area, 

Clark- Y section, 11, 12, 61 
of any blade section, 12, 13 
R.A.F.-6 section, 15, 16 
Curvature, 
air load, 47, 81 
true, 49, 88 

weight, 54, 91, 93, 94, 98, 103 
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INDEX 


Deflection, 

airload, 48, 51, 83, 88 
gyroscopic, 51 
true, 49, 88 

weight, 53, 54, 93, 94, 100 
Diameter, 3, 57, 108, 110, 113 
Distribution, Blade Angle, 16, 61, 
63, 114 

Edgewise Frequency, fundamental, 
55,93 

Effective Pitch, 16, 17 
Efficiency, 29, 31, 67, 108, 113 
Energy, 

kinetic, 55, 102, 106 
potential, 54, 101, 105 
Examples, 57, 107 

Factors, 
altitude, 7 
area and inertia, 13 
rectifying, 52 
restoring moment, 48 
selection of propeller diameter, 5 
shank area, 21 

Flatwise Frequency, fundamental, 
55, 92 

Force, Centrifugal, 44, 45, 72, 74. 
86 

Frequency, 55, 56, 91-94 
Gravity, 

center of any blade section, 12, 13 
center of (blade) , 25 , 64 
center of (Clark-Y section), 11, 
12, 58 

center of (R.A.F -6 section), 14, 
15 

Gyration, radius of, 28, 67 
Gyroscopic Bending Moment, 51, 
52, 88-90 

approximation, 85, 89 
initial moment, 85 
stress, 52, 90 
Gyroscopic Deflection, 51 

Helical Tip-Speed, 35, 69 
Horsepower, 3, 5, 22 


Inertia, 

moment of (Clark-Y section), 12, 

13, 14, 61, 62 

moment of (R.A.F.-6 section), 

14, 16 

moment of any blade section, 12, 
13 

polar moment, 25, 26, 27, 28, 67, 
68 

Initially Offset Blades, 49 
Initially Swept Blades, 50 

Kinetic Energy, 55,93, 94, 102,106 

Load, 

air, 46, 75, 78 
centrifugal, 45, 46, 72, 74 
true air, 47, 75, 79 
Loading, weight, 53, 95 

Major Polar Moment of Inertia, 67 
Mass Moment of Inertia, 25-28 
Material, 114 

Minor Polar Moment of Inertia, 67 
Moment, 

aerodynamic twisting, 42, 43, 72, 
73 

coefficient, 42, 43, 72 
bending, due to air load, 47, 76, 
81 

centrifugal twisting, 38-41, 43, 
69-71 

coefficient, 41, 69 
gyroscopic bending, 51, 52, 88-90 
inertia of section (Clark-Y), 12, 
14, 61, 62 

inertia of section {R.A.F -6) , 14, 
16 

inertia of any blade section, 12, 
13 

initial, 90 

polar, 25-28, 67, 68 
rectifying, 51 
restoring, 48, 76, 86 
static, 24, 64, 66 
sweep, 50 



INDEX 


145 


Moment — Continued 
true bending, 49, 50, 88 
twisting, 40 
weight bending, 53, 97 

Number of Blades, 3, 112 

Ordinates of Sections, 

Clark-Y, 11, 12 
R.A.F.-6, 14, 15 

Pitch, 

blade, 19, 20, 61, U4 
effective, 16, 17 
Polar Moment, 25-28, 67, 68 
Potential Energy, 54, 101, 105 
^Propeller Tip-Speed, 3, 20, 34-37, 
64, 69, 108, 110 
Propellers, 

controllable, 114 
selection of, 107 

Radius of Gyration, 28 
Ratio , 
aspect, 8 
camber, 8, 10 
width, 8, 9 
Rectifying Factor, 52 
Rectifying Moment, 51 
Restoring Moment, 48, 76, 85 
Rotational Tip-Speed, 30, 69 

Section, 

area (Clark-Y), 11, 12, 61 
area (R.A.F.-6), 15, 16 
area of any blade section, 12, 13 
center of gravity (Clark-Y), 11, 
12 . 

of any blade section, 12, 13 
center of gravity (R.A.F ~6), 14, 
15 

ordinates (Clark-Y), 11, 12, 58 
ordinates (R.A.F.-6), 14, 15 
moment of inertia (Clark-Y), 12, 
14, 61 

of any blade section, 12, 13 


Section — Continued 

moment of inertia (R.A.F.-6), 
14, 16 

Selection, Propellers, 107 
Shank, Blade, 20-22, 64 
Shear, 

air loading, 47, 75, 80 
weight, 91, 96 
Slope , 

air load, 47, 49, 82, 88 
true, 49, 88 

weight, 91, 94, 99, 104 
Speed, 
forward, 17 
rotational, 17, 35 
tip, 34-37, 69, 108, 110 
Static, 

moment, 24, 64, 66 
thrust, 29, 30, 67, 112, 113 
thrust coefficient, 32, 33 

bending, 49, 52, 76, 88, 91, 92 
centrifugal, 46, 75, 77 
sweep, 51 

tensile, due to gyroscopic bend- 
ing moment, 52, 90 

Thickness, Blade, 8, 10, 58, 59, 110 
Thrust, 

static, 29, 30, 32, 33, .67 , 112 , 113 
top speed, 29, 67, 116 
Tip Speed, 34-37, 108, 110 
coefficients, 36 
helical, 35, 37, 69 
number of blades, 3 
rotational, 30, 69 
shank, 20, 21, 64 
Torque, 35, 69 

Torsional Frequency, Fundamen- 
tal, 56, 94 
True, 

air load, 47, 75, 79 
bending moment, 47, 49, 50, 88 
curvature, 49, 88 
deflection, 49, 88 
slope, 49, 88 
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Twisting Moment, Weight — Continued 

aerodynamic, 42, 43, 72, 73 blade, 23, 64, 65 

centrifugal, 38-41, 43, 69-71 loading, 53, 54, 91, 95 

Vibration, 55, 56, 91, 92 Width, 

Weight, blade, 8, 58, 59, 110 

bending moment, 53, 91 ratio, 8, 9 




